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Abstract 
In 2000, the Regional Monitoring Program (RMP) determined mercury, selenium, 

and trace organic contaminant concentrations m seven sport fish species from San 
Francisco Bay. This continues a long-term monitoring effort, begun in 1994, to determine 
how contaminated Bay fish are and how this contamination changes over time. As in 
previous sampling, fish samples exceeded human health screening values for most 
monitored contaminants. Screerung values were exceeded for PCBs (90% of finfish 
samples), dioxin toxic equivalents (69%), mercury (38%), dieldrin (19%), selenium (17%; 
monitored in sturgeon only), and DOTs (4%). Many fish samples also contained detect­
able residues of the flame retardant compounds, PBDEs. Organic contaminant concentra­
tions were significantly correlated to tissue lipid concentrations; fattier fish species, such 
as shiner surfperch and white croaker, had higher concentrations of PCBs, dioxins, DOTs, 
chlordanes, and PBDEs. Mercury concentrations were significantly correlated to fish size; 
larger fish species, such as striped bass and leopard shark, and larger individuals of each 
species, had higher tissue mercury concentrations. Statistically significant spatial varia­
tion was observed in concentrations of some contaminants, particularly for shiner 
surfperch and jacksmelt. Japanese littleneck clams and red rock crabs, sampled in 1998 
and 1999, generally exhibited lower contaminant concentrations than finfish, although 
hepatopancreas samples from red rock crabs were relatively high in dioxins, PCBs, and 
DOTs. 

Tlus study documents changes in fish contamination over time' at seasonal, 
mterannual, and decadal time scales. In 2000, white croaker varied seasonally in trace 
organic contaminants and lipids, with significantly lower PCB and lipid concentrabons m 
spring, compared to other seasons. For some fish species, concentrations of mercury, 
PCBs, DOTs and chlordanes fluctuated among 1994, 1997 and 2000. Tlus mterannual 
variation was sometimes related to changes in sampled fish size or fat content over the 
years. When RMP data for white sturgeon were compared to other data sources dating 
back to the 1980s, there was evidence of a recent decline for DOTs and chlordanes, but 
not for selenium. Striped bass showed no evidence of a trend in mercury concentrations 
between the early 1970s and the 1990s. 

Abbreviations 
ANOVA- analysis of variance 

ANCOVA- analysis of covariance 

BPTCP- Bay Protection and Tox1c Cleanup Program 

CDFG -California Department of Fish and Game 

DDT- the sum of the following isomers and breakdown products: p,p' -DDT, o,p' -DDT, 
p,p'-DDE, o,p'-DDE, p,p'-000, and o,p'-DDD 

NOAA- National Oceanic and Atmospheric A~ministratwn 

OEHHA- OffiCe of Environmental Health Hazard Assessment 

PAH- polycyclic aromatic hydrocarbon 

PBDE - polybrominated diphenyl ether 

PCB - polychlorinated biphenyl 

RMP -San Francisco Estuary Regional Monitoring Program 

RSD- relative standard deviation 

SFEI- San Francisco Estuary Institute 
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SFBRWQCB -San Francisco Bay Regional Water Quality Control Board (Regional Board) 

SRM- standard reference materials 

TEQ - dioxin toxic eqwvalent (see also Table 5) 

TMDL- total maximum daily load report 

TSMP - Toxic Substances Monitoring Program 

U.S. EPA- Environmental Protection Agency 

WHO- World Health OrganiZation 

Introduction 
In 1994 the Bay Protection and Toxic Cleanup Program (BPTCP) performed a pilot 

study to mea,sure concentrahons of contaminants in fish in San Francisco Bay (SFRWQCB 
et al. 1995; Fairey et al. 1997). The study mdicated that there were six chemicals or 
cherrucal groups that were of potential human health concern for people consuming Bay­
caught fish: PCBs, mercury, DDT, dieldrin, chlordane, and dioxins. As a result of this pilot 
study the Office of Envrronmental Health Hazard Assessment (OEHHA) issued an 
intenm health advisory for people consuming fish from San Francisco Bay (OEHHA 
1997). This interim advisory is still in effect. The advisory states that: 

1. Adults should limit consumption of Bay sport fish to, at most, two meals per month 

2. Adults should not eat any stnped bass over 35 inches (89 em) 

3. Pregnant women or women that may become pregnant or are breast-feeding, and 
children under 6 should not eat more than one meal per month, and should not eat 
any meals of shark over 24 inches (61 em) or striped bass over 27 inches (69 em) 

The advisory does not apply to salmon, anchovies, herring, and smelt caught in the 
Bay, other ocean-caught sport fish, or commercial fish. The advice was issued due to 
concern over human expos'ure to residues of methylmercury, PCBs, dioxins, and orga­
nochlorine pesticides in Bay-caught fish. 

In 1997, as a followup to the 1994 pilot study, the RMP began monitoring contami­
nants m Bay sport fish. The RMP fish contamination monitoring element includes a core 
monitoring program, conducted every three years, and speoal studies, which are de­
signed to provide information that leads to improvements in the methods of or interpre­
tation of data from the core program. This report documents findings from the second 
round of RMP sport fish sampling, conducted in 2000, and from small-scale speCial 
studies conducted in 1998, 1999, and 2000. 

The objectives for the RMP fish contarninahon momtoring element are: 

1. to produce the information needed for updahng human health advisories and 
conduchng human health risk assessments; 

2. to measure contaminant levels in fish species over time to track temporal trends and 
to evaluate the effechveness of management efforts; 

3. to evaluate spatial patterns m contamination of sport fish and the Bay food web; and 

4. to understand factors that mfluence contaminant accumulahon in sport fish in order 
to better resolve signals of temporal and spatial trends. 

In 2000, as in 1997, the core monitoring program targeted seven species that are 
frequently caught and eaten by Bay fishers at seven popular fishing areas in the Bay. The 
maJOrity of the sampling and analyhcal effort was allocated toward characterizing 
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concentrations of contaminants of concern in these seven species in a manner that is as 
comparable as possible to the 1997 data. 

The contaminants evaluated include mercury, PCBs, DOTs, chlordanes, PBDEs, 
dioxins, and selenium. This report presents results from these analyses. This includes 
characterizing contaminant concentrations in 2000, comparing them to human health 
screening values (Objective 1, above), and characterizing the spatial pattern in contami­
nation among the RMP sampling sites (Objective 3). This report also evaluates long-term 
temporal trends (Objective 2) using the 1994, 1997, and 2000 data, in addition to data sets 
from other programs. 

Several aspects of contaminant monitoring were expanded in 2000 as compared to 
previous years. In 1997, due to the relatively high expense of the chemical analysis, 
dioxins were analyzed in only 7 white croaker samples. Dioxin analysis was greatly 
expanded in 2000 thanks to the contribution of $51,000 from U.S. EPA. In 2000, dioxins 
were analyzed in a total of 38 samples, with the additional analysis of several QA 
samples. Also in 2000, mercury analyses on individuals were conducted for large sport 
fish. For some fish species, mercury concentrations are highly dependent on the size of 
the fish. Analyzing individuals provided a basis for quantifying this relationship and a 
better foundation for long-term trend analysis. Polybrominated diphenyl ethers (PBDEs) 
were identified in fish sampled in 2000 and this report presents estimated concentrations 
of PBDEs in the fish. 

This report carefully evaluates changes in fish contaminant concentrations over 
time. Changes are evaluated at seasonal, interannual, and long-term time scales. Some 
fish species are known to undergo seasonal physiological changes that affect organic 
contaminant concentrations in their tissues. In a 2000 special study, seasonal variation in 
organic contaminants was determined for white croaker. White croaker is the sport fish 
species that has exhibited the highest organic contaminant concentrations in San Fran­
cisco Bay studies. This report also characterizes changes in several fish species over three 
sampling years (1994, 1997, and 2000), now that comparable monitoring data are avail­
able. Finally, this report compares the RMP and BPTCP data set to high-quality data sets 
from other programs in order to obtain the most complete assessment possible of long­
term trends in Bay fish contaminants. 

This report also presents the results of special studies on contaminant concentra­
tions in dams and crabs. In 1998, composite samples of dams were collected from two 
clamming locations (Oakland Harbor and South Bay). In 1999, composite samples of red 
rock crabs were collected from three locations (two on the San Francisco waterfront and 
one on the Sausalito waterfront). These special studies were undertaken to provide 
information on possible human exposure to contaminants from dam and crab consump­
tion. 

Related studies 
Three important RMP fish studies are detailed in separate reports: a stable isotope 

study, a fish biomarker study, and a food web contaminant uptake model. 

Analysis of stable isotopes was included in the core program in 2000, to provide 
information on food web transfer of contaminants to sport fish (Greenfield et al. In 
Review). Stable isotopes of nitrogen and carbon were analyzed in all of the fish samples. 
Resident bivalves. were collected from several locations in the Bay and also analyzed to 
provide the baseline needed for interpretation of the fish isotope data. The stable isotope 
results help understand the potential implications of trophic position and fish movement 
patterns for contaminant concentrations in Bay fish. 

Biomarkers are useful tools for determining contaminant effects to organisms. In a 
collaborative study, NOAA analyzed tissues from RMP white croaker samples for several 
biomarkers of contaminant effects on fish (Myers et al. 2002). NOAA has sampled white 

3 
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croaker as an indicator of contaminant effects on fish in their National Status and Trends 
Program, including prior work in San Francisco Bay. The RMP and NOAA funded the 
analysis of biomarkers in the RMP samples jointly. Another component of this effort was 
the analysis of white croaker otoliths to determine the age of the fish. This biomarker 
evaluation was a precursor to the RMP Exposure and Effects Pilot Study (EEPS) that 
began in 2002 in order to meet the new RMP objective to evaluate contaminant effects in 
the Bay. Future work of this nature would be performed under the EEPS. 

The third related stud is a mathematical model of PCB movement from water and 
t e food web and into three sport ·s m cator spec1es w te croaker, 

s er sur erch, and ·a obas and coc o e y 
the and performed by Dr. Frank Gobas of Simon Fraser University in Canada, a 
leader in this field. The San Francisco Bay Regional Water Quality Control Board funded 
extensive field work to provide input data needed for the model, including sampling of 
water, sediment, prey items, extra fish samples, and chemistry and taxonomy of gut 
contents of the RMP fish samples (Roberts et al. 2002). All of this work was aimed at 
developing a quantitative understanding of PCB accumulation in the RMP fish samples. 

The RMP fish element reached a higher level of sophistication in 2000, with many 
new or expanded components. Through coordination with other agencies (U.S.EPA, 
NOAA, the Regional Board), significant additional information was extracted from these 
RMP samples in a cost effective manner. These different components were all aimed at 
meeting the objectives of the RMP relating to providing data for comparison to guide­
lines, characterizing temporal and spatial trends, and investigating the mechanisms and 
effects of contamination. 

Methods 
Field methods 

The species and fishing locations in the Bay were selected for sampling based on 
available information on frequencies of catch and consumption by Bay fishers (Wade van 
Buskirk, Pacific States Marine Fisheries Commission, personal communication), continuity 
with the 1994 and 1997 sampling efforts, and to provide a broad geographic coverage of 
the Bay. The species sampled included jacksmelt (Atherinopsis californiensis), shiner 
surfperch (Cymatogaster aggregata), white croaker (Genyonemus lineatus), striped bass 
(Morone saxatilis}, California halibut (Paralichthys californicus}, leopard shark (Triakis 
semifasciata), and white sturgeon (Acipenser transmontanus). Information on the move­
ments and food habits of these species is summarized in Davis et al. (1999b) and Green­
field et al. (In Review). 

Study sampling locations are shown in Figure 1. To be consistent with the 1997 
report (Davis et al. 1999b, 2002}, the two South Bay Bridges locations (Redwood Creek 
and Coyote Creek) are combined for analysis as a single South Bay Bridges site. How­
ever, it should be noted that white croaker, shiner surfperch, and jacksmelt were pre­
dominantly caught adjacent to Redwood Creek and striped bass, leopard shark, and 
white sturgeon were predominantly caught adjacent to Coyote Creek (Figure 1). Shiner 
surfperch was the only species successfully captured at San Leandro Bay. In general, 
white croaker, shiner surfpercht and jacksmelt were successfully captured at all sites 
while other sport fish were collected at 2 - 3 sites (Table 1}. Target size classes presented in 
Table 1 were based on legal limits, U.S. EPA (2000} guidance, and growth curves where 
available. 

Fish were collected between May 1, 2000 and July 28, 2000. Additional sturgeon 
sampling was conducted on March 21-24 and April21-24. To study the seasonal changes 
in contamination, additional white croaker were collected on March 7-8, (spring}, Sep­
tember 26 (fall) and December 18-19 (winter). Collection gear included a 16ft 1.25 in 
mesh size nylon stretch otter trawl, trammel nets (9 in and 4 in nylon mesh panels), gill 
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2 South Bay Bndges-Redwood Creek 
3 San Leandro Bay 
4 Oakland Harbor 
5 San Franc1sco Waterfront 
6 Berkeley 
7 San Pablo Bay 

0 5 10 
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0 5 
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A 
N 

15 
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nets (0.75 in, 2.25 in, 2.5 in, and 4 in monofilament mesh), and hook and line. Otter trawls 
were used mostly for the collection of shiner surfperch, white croaker, and halibut. 
Trawls were run for IS-minute intervals. Gill nets were used most effectively to catch 
leopard sharks, striped bass, and sturgeon. Jacksmelt were caught exclusively with the 
0.75 in gill net. In most cases, gill nets were set through a six-hour tidal cycle. Sampling 
was performed using an 18ft Boston Whaler equipped with a hydraulic winch for 
deployment of deeper water otter trawls. A complete description of the field and labora­
tory samplmg methods (MLML 2000) and a detailed cruise report are available from the 
San Francisco Estuary Institute (SFEI). 

In order to determine contaminant concentrations in popular shellfish, crab and 
clam samples were collected and analyzed in addition to fish samples. The shellfish were 
collected at known areas of recreational clamming and crabbing. On AprilS, 1998, two 
composite clam samples were collected, one from the South Bay at Burlipgame, and the 
other from Oakland Harbor at Fruitvale Bridge (Figure 2). The sites were selected be­
cause local game wardens indiCated that they were popular clamming locations (S. Foster 
and B. Arnold, CDFG, personal commumcatzon). Each composite contained 25 Japanese 
littleneck clams (Tapes Japomca), ranging in shell length from 3.3 to 4.7 em. These compos­
ites were analyzed for trace metals, PCBs, organochlorine pesticides, and PAHs. The 
entire body mass of soft tissue was analyzed. In addition to mercury and selenium, a 

Figure 1. Sampling 
locations for 2000 RMP 
fish contammat1on 
momtonng. For the 
purposes of th1s report, 
results from the two 
South Bay Bndges 
locat1ons are combmed. 
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Table 1. Fish Contamination core monitoring program sampling design. Site boxes indicate actual number of analyses conducted for each 
contaminant group. OCs = PCBs, Pesticides, and PBDEs. Isotopes = stable carbon and nitrogen isotopes. Dioxins = dibenzodioxins, 
dibenzofurans, and coplanar PCBs. Se = selenium. 

SD&Cies 
Target # size 
classes 
Target# 
flsh/comooshe 
Target size range 
(em) 

# Size classes 
cauaht 

Tissue samoled 

South Bay 
Bridges 

O&kland Harbor 

San Leandro Bay 

San Francisco 
Waterfront 

Berkeley 

White Croaker" 

5 

2o-30 

5 
21-30 

muscle wnh skin 

3composnes 
Hg+OCS+ 
DioxinS+ 
lsotooesX3 
3 compositesb 
Hg+OCS+ 
Dioxins+ 
isotoaes X 3 

3 composites 
Hg+OCS+ 
Dioxins+ 
lsotooesX3 
3composltes 
Hg+OCs+ 
Dioxins+ 
isotooes X 3 

Shiner Surfoerch 

20 

10--15 

20 
8-15 

muscle wnh skin 

3composltes 
Hg+OCS+ 
lsotopesX3 
Dioxins X 2 
3composhes 
Hg+OCs+ 
Isotopes X3 
DioxinsX2 
3 composites 
Hg+OCS+ 
lsotoaes X 3 
3 composites 
Hg+OCs+ 
lsotopesX3 
Dioxins X 2 
3composltes 
Hg+OCS+ 
lsotopesX3 
DioxinsX2 

Jacksmeh 

5 

21-30 

5 
24-30 

muscle whh skin 

3 composites 
Hg+OCs+ 
Isotopes X 3 

3 composites 
Hg+OCs+ 
Isotopes X 3 
Dioxins X 1c 

3 composites 
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number of other trace metals were analyzed, and these data are reported in Appendix 
Table 2g. 

Crab samples were collect~d September 28th through 30th, 1999, from 3locations in 
the Central Bay: the Municipal Pier and 7th Street Pier on the San Francisco Waterfront, 
and Fort Baker on the Sausalito Waterfront (Figure 2). At each location, people were 
observed to be achvely and successfully capturing crabs. Extensive efforts to collect crabs 
in the South Bay and San Pablo Bay were not successful. Twenty red rock crabs (Cancer 
productus), having carapace widths ranging from 10-15 em, were collected from each site. 
Both muscle tissue and hepatopancreas tissue were subsarnpled from each crab and 
composited as follows. From each site, equal weight muscle subsamples were pooled into 
two batches of 10 crabs each, which were analyzed for trace metals, PCBs, and pesticides. 
This included analysis of total arsenic and total inorganic arsenic, performed by Frontier 
Geosciences Inc. A separate muscle subsample was taken from all20 crabs from each site 
and composited for analysis of dioxins and coplanar PCBs. The hepatopancreas samples 
were composited from all 20 crabs, yielding one hepatopancreas composite per site, 
which was analyzed for trace metals, PCBs, and pesticides. Additional hepatopancreas 
tissue was composited from all three sites, resulting in one composite of 60 crab samples 
for analysis of dioxins and coplanar PCBs. 

Figure 2. 
Crab and clam sampling 
locat1ons for 2000 RMP 
contammat1on 
mon1tonng. 
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Contamrnant Concentratwns rn F1sh from San FranCisco Bay, 2000 

The results of all crab and clam analyses are presented in the corresponding fish 
tables in Appendix 2. Because this is the first time the RMP examines contanunation in 
resident shellfish eaten by humans, the findings of the crab and clam study are presented 
ill a separate section in this report. 

Total length of each fish was measured in the field to the nearest em. Surfperch and 
jacksmelt were wrapped m chemically cleaned Teflon sheeting and frozen whole on dry 
ice for transportation to the laboratory. Because of the large numbers and size of striped 
bass, leopard shark, and sturgeon, it was logistically unrealistic to keep them frozen 
whole. In order to bring an uncompromised sample back to the laboratory for homogeni­
zation, the following procedures were completed on these fish in the field. The intestinal 
tract was removed from the fish by opening the gut cavity slightly offset from the anus 
(to avoid opening any organs). An incision was made along the belly to the lower jaw. 
The entire digestive tract and gonads were removed and placed on a separate Teflon® 
cutting board to avoid contamination with the rest of the fish tissue. The head was 
removed just posterior to the operculum. White croaker were treated in a srmilar manner 
to the larger fish because histopathology samples of the digestive and reproductive 
organs required irnrnediate processing, and were provided to NOAA/NMFS, Seattle WA 
(Myers et al. 2002). During dissechon, the gonad tissue of the 12 croaker composites used 
in the seasonal study was weighed to determine the gonadal somatic index of each 
sample ([gonad tissue mass/body mass]*100). Otoliths of striped bass were archived for 
possible future analysis of age and movement patterns (e.g., Zlokovitz and Secor 1999). 

Laboratory ana!Ysis 
Muscle sample preparation was performed using non-contaminatmg techniques ill 

a clean room environment Fish samples were dissected and composited in a similar 
marmer as in the previous RMP fish sampling (SFBRWQCB 1995; Davis et al. 1999b). 
Ftllets of muscle tissue were removed ill 5 to 10 g portions with Teflon forceps and 
stainless steel cutting utensils. Equal weight fillets were taken from each fish to compos­
ite a total of at least 175 g. Fish fillets were prepared in a fashion similar to the typical 
culinary preparation for each species. White croaker were prepared using muscle with 
skin. Shiner surfperch and jacksmelt were prepared for compositing by removing heads, 
tails, and guts, leaving muscle with skin and skeleton to be included in the composites. 
Leopard shark, striped bass, halibut, and sturgeon were prepared using muscle tissue 
wtthout skin. All samples were homogenized using either a Biichi Mixer B400 ®or a 
Brinkman Polytron® mixer, both equipped with titanium blades. Sample splits were 
taken for each analysis after homogenization. 

Samples were analyzed for mercury, selenium, PCBs, organochlorille pesticides, 
PBDEs, dibenzodioxins, dibenzofurans, and coplanar PCBs as indicated in Table 1. 
Analytical methods were described m SFBRWQCB et al. (1995). Briefly, aliquots analyzed 
for PCBs and organochlorine pesticides were extracted with methylene chloride:acetone 
(50:50) using pressurized fluid extraction (PFE) and extracts cleaned using gel perme­
ation chromatography and fractionated using Flonsil. Extracts were then analyzed by 
dual column (DB-5 and DB-17) gas chromatography with electron capture detection. 
Aliquots for mercury analysts were digested using nitric:sulfuric acid (70:30) and ana­
lyzed_by a Flow Injection Mercury System. QA measures included analysis of standard 
reference materials, lab duplicates, and matrix spikes. All data met the data quality 
objectives specified in the RMP Quality Assurance Project Plan (QAPP) (Lowe et al., 
1999). For mercury, SRM (DORM2 dogfish muscle) recoveries averaged 97.2%, and all 
were within the ±25% criterion established m the QAPP (Appendix Table 1a). For each 
individual PCB congener, 95% of the SRM 2974 and SRM 2978 (freeze dned mussel 
tissue) analyses were wtthin acceptable range (±35%) of the certified concentrations 
(Appendix Table 1b). Similarly, for the organochlorine pesticides 86% of SRM 2974 and 
75% of SRM 2978 analyses were within acceptable range (±35%) of the certified concen-
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trations (Appendix Table 1c). Quality assurance reports prepared by the analytical 
laboratories are available from SFEI. 

Screening values and statistical ana~sis-
u.s. EPA (2000) defines screening values as concentrations of target analytes in fish 

or shellfish tissue that are of potential public health concern. Exceedance of screening 
values should be taken as an mdication that more intensive site-specific monitoring and/ 
or evaluation of human health risk should be conducted. With the exception of selenium, 
screening values were taken from Brodberg and Pollock (1999) and were calculated 
following U.S. EPA (2000) guidance. A consumption rate of 21 g fish/day was used in 
calculating screening values. Tlus consumption rate is based on the median value of the 
distribution determined in a study of Santa Monica Bay (Allen et al. 1996). However, this 
rate is similar to a locally determined median of 16 g/day for consumers in San Francisco 
Bay (SFEI 2000). The screening values were changed somewhat from the 1994 and 1997 
studies. The decision to use screening values taken from Brodberg and Pollock was based 
on the fact that these are the only locally derived screening values generated by the Office 
of Environmental Health Hazard Assessment (OEHHA), the organization that uses these 
data to produce and update fish consumption advisories. The screemng value for sele­
nium was reduced from 20 ppm to 2 ppm, also based on OEHHA recommendations 
(Robert Brodberg, OEHHA, personal communzcation). This 2 ppm screening value is based 
on human toxicity information, and accounts for the fact that humans consume addi­
tional selenium in other dietary items (Fan et al. 1988). 

Statistical analyses were performed using SAS (SAS Institute, 1990). It is a standard 
and widely accepted statistical practice to transform data m the fashion that most suc­
cessfully achieves distribution requirements of parametric analysis (e.g., Sokal and Rohlf 
1995; Draper and Smith 1998). Therefore, based on examination of normal scores plots, 
contaminant concentration data were log or square root transformed to achieve normality 
prior to statistical analyses. When transformation did not achieve normality, nonparamet­
ric methods were used as described in individual contaminant sections. 

One of the objectives of the RMP fish monitonng element IS to track long-term 
trends in contaminant concentrations in the Bay food web. To that end, the sampling 
design has been similar in 1997 and 2000 to the 1994 BPTCP study. Data from three 
rounds of sampling, 1994, 1997, and 2000, can be readily co~pared to provide an indica­
tion of possible trends. Of the species sampled, four species had sufficient sample size to 
statistically compare the three sampling periods: leopard shark, striped bass, shiner 
surfperch, and white croaker. Additionally, RMP and BPTCP data were graphically 
compared to data from other programs (the Selenium Verification Study, CDFG, the Toxic 
Substances Monitoring Program and the CalFed Science Program), as described in 
individual contaminant sections. These compansons were conducted to evaluate evi­
dence for long-term temporal change. 

Comparison of differences m wet-weight concentrations among locations (Figure 1) 
provides an indication of possible variation in human exposure to contaminants from 
consumption of fish from different locations in the Bay. Contaminant concentration 
comparisons among locations or among. time periods were performed using standard 
ANOVAs for unbalanced design. Because of the large number of comparisons (23 species 
contaminant combmations for location comparisons; 16 species contaminant combina­
tions for temporal comparisons) and the exploratory nature of the spatial analysis, it was 
desirable to be highly protected against Type I error with these comparisons. Therefore, 
significance of general spatial or temporal patterns was evaluated using Bonferroni 
protection (a= 0.05/[total number of spatial or temporal comparisons made]). For 
conta_minant-species combinations.exhibiting significant patterns, Tukeys Studentized 
Range (HSD) Test was conducted to evaluate among-site differences. For mercury, 
evaluation of long-term patterns m striped bass was achieved using parametric analysis 
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of covariance (ANCOVA) to adjust the data for fish length. Prior to conducting 
ANCOVA, the subgroups were determined to have equal slopes using polynomial 
regression analysis with indicator variables (Tremblay et al. 1998). 

Significant correlations between length and mercury accumulation and between 
lipid and trace organic accumulation were observed for some species. Spatial and tempo­
ral differences were evaluated using both the wet weight data and, where appropriate, 
data adjusted for length or lipid content. Additionally, graphical analysis techniques and 
evaluation of temporal change in length or lipid content were used to identify instances 
where these factors may affect temporal trends. 

Mercury 

Introduction 
Mercury exposure is one of the primary concerns behind the interim advisory for 

the Bay. Mercury is a neurotoxicant, and is particularly hazardous for fetuses and chil­
dren as their nervous systems develop. When children are exposed at high doses, mer­
cury can cause serious problems, including mental impairment, impaired coordination, 
and other developmental abnormalities (U.S. EPA 1997). Similarly, in wildlife species 
high mercury exposure can cause damage to nervous, excretory, and reproductive 
systems, and early life stages are most sensitive (Wolfe et al. 1998). 

Mercury exists in the environment in a variety of chemical forms. In terms of 
potential for biomagnification and impact to humans and wildlife, the most important 
form of mercury in the aquatic environment is methylmercury, which is readily accumu­
lated by biota and transferred through the food web. Most of the mercury that accumu­
lates in fish tissue is methylmercury (U.S. EPA 2000). Methylmercury is also the form of 
mercury of greatest toxicological concern at concentrations typically found in the envi­
ronment. The Coast Range mountains north and south of the Bay contained the nation's 
most productive mercury mining districts. Historic mercury and gold mining activities 
have resulted in contamination of the Bay and its watershed (Nriagu 1994; Alpers and 
Hunerlach 2000; Domagalski 2001). Other sources of mercury include fossil fuel combus­
tion, trace impurities in products such as bleach, and direct use of the metal in applica­
tions such as thermometers and dental amalgam (Davis et al. 1999a). Currently, mercury 
enters San Francisco Bay via erosion of bed sediments, loading from surrounding water­
sheds, stormwater runoff, and wastewater discharges Oohnson and Looker 2003). Mer­
cury is a high priority contaminant on the 303(d) list of contaminants that impair water 
quality in the Estuary because water and fish collected from San Francisco Bay are at 
concentrations that may pose risks to humans and wildlife (SFBRWQCB 2001; Johnson 
and Looker 2003). Fish, especially long-lived predatory species, accumulate high concen­
trations of mercury and are fundamental indicators of the human and wildlife health 
risks associated with mercury in aquatic ecosystems. 

Ana!Ytical considerations 
he screenirtg value for mercury, 0.3 flg/ g wet weight, applies to methy1mercury. 

Because of the higher cost of methylmercury analysis and data indicating that most 
mercury in fish tissue is present as methylmercury, U.S. EPA (2000) recommends that 
total mercury be measured in fish contaminant monitoring programs and the conserva­
tive assumption made that all mercury is present as methylmercury in order to be most 
protec;:tive of human health. Total mercury was measured in these samples. 

The mercury concentrations in Bay fish were generally measurable with the analyti­
cal methods employed. Of the 134 samples measured, all but three were above the 
detection limit (0.0251 JA.g/ g dry weight; Appendix Table 1a). In 2000, individual fish 
rather than composites were analyzed for mercury for those species exhibiting the 
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highest concentrations m 1994 and 1997 (leopard shark, striped bass, California halibut, 
and white sturgeon) (Fairey et al. 1997; Davis et al. 2002). This was done to obtain high­
quality information on mdividual variation in mercury concentrations and to collect 
further data on the relationship between length and mercury concentrations. 

Mercury data were log transformed to achieve normal distribuhon for the spatial 
ANOVA and square root transformed to achieve normal distribution for the temporal 
ANOVA and stepwise regresswn. Length data were not transformed. 

In addition to RMP and BPTCP data, there are a number of data sets on striped bass 
mercury contamination in the Bay. These data extend from 1970 to the present. From 1970 
to 1972, data were analyzed by Califorrua Department of Fish and Game's Water Pollu­
tion Control Laboratory (Kahn et al. 1971) using the same basic methodologies as the 
present analyses (sulfunc acid digestion followed by cold vapor atomic absorption 
spectroscopy). Although standard reference materials were not available at that time, 
quality assurance measures included duplicates, matrix spikes, reagent blanks, and 
intercalibration exercises with other laboratones (Dave Crane, CDFG, personal commumca­
tzon). For 18 sets of duplicate fish samples analyzed for mercury at the Water Pollution 
Control L:~p between 1970 and 1972, the relative percent deviation was 9%, mdicating 
reasonably high precision .. Trus included six duplicate analyses of striped bass used in 
our results, which had an RPD of 8%. In 1999, striped bass were also analyzed from 
Suisun Bay as part of the CalFed Bay-Delta Mercury Project (Greenfield et al. 2001). 
Although these data have not been formally released yet, they were collected and ana­
lyzed by the same laboratory as for the RMP and BPTCP studies (California Department 
of Fish and Game, Moss Landing CA), and therefore have identical methods and quality 
assurance criteria. \hese multiple data sets are statistically compared to evaluate 
interannual variation in mercury concentrations, while accounting for potential length 
effects on slope and intercept. To achieve this, backwards elimination stepwise regresswn 
was performed with mdicator variables (dummy variables) for each year's potential 
effect on both slope and intercept (Tremblay et al. 1998). 

Data distribution and summary statistics 
Mercury concentrations were highest in leopard shark, with a median concentration 

of 0.83 !A-g/ g wet weight (Table 2, Figure 3). White sturgeon and striped bass had interme­
diate concentrations, with median concentrations of 0.29 and 0.28 !A-g/ g wet, respectively. 
The lowest concentrations were measured in jacksmelt (median of 0.06 ~A-gig wet) and 
shiner surfperch (0.08 !A-g/ g wet). 

Mercury was measured in a total of 134 samples, and 51 (38%) had concentrations 
higher than the screening value of 0.30 !A-g/ g wet (Table 3). The only species with median 
mercury concentrations above the screening value was leopard shark (Table 2, Figure 3). 
All collected samples of leopard shark and 10 of 32 striped bass samples exceeded the 
mercury screening value. None of the Jacksmelt or shiner surfperch samples exceeded the 
screening value. 

Controlling factors 
,Within a given species, the older, and therefore larger, fish tend to accumulate 

higher mercury concentrations. In this study, length was used as an index of age. Signifi­
cant correlations of mercury with length were observed for five of the seven species 
analyzed (p<O.OS; Figure 4). The only species not exhibihng a significant correlation 
between length and mercury were jacksmelt and shiner surfperch. Interestingly, the 
strength of the relationship between length and mercury concentration was related to the 
average size of a fish species. For larger fish, the R2 of the length versus mercury relation­
ship was greater (Figure 5). The strongest relationships were observed for leopard shark 
(R2 = 0.64; p < 0.0001) and white sturgeon (R2 = 0.47; p = 0.013), but a highly significant 
relationship was also observed for striped bass {R2 = 0.42; p < 0.0001). 
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Table 2. Summary stat1st1cs by spec1es for mercury and organochlonnes. Data are med1ans. All PBDE values are est1mates. 

Number of Dioxin 
Composites Number in Length Mercury Lipid Sum of Sum of PCB Sum of Sum of Dieldrin Sum of Equivalents 

Analyzed Composite (em) gtg wet) % Aroclors Congeners DOTs Chlordanes (ngtg wet) PBDEs (TEO· WHO) 
(Ha·Ora·ITEQ) (nata wet) (nata wet) (nata wet) (nata wet) (n_g/g wet) · (pglg_ wet)· 

Screenmg Value 030 20 100 30 2 03 
Califorma Halibut 10-3-0 1 70 021 04 24 22 60 ND ND 30 NA 
Jacksmelt 15-15-1 5 27 0 06 1 4 39 34 21 1 2 ND 43 02 
Leopard Shark 32-6-0 3* 98 083 04 20 13 51 ND ND 1 6 NA 
Sh1ner Surlperch 18-18-8 20 11 008 26 207 135 37 81 ND 15 1 4 
Stnped Bass 32-10-10 3* 52 028 11 48 36 23 1 2 ND 65 02 
White Croaker 15-24-15 3 27 021 4 o·· 278** 191** 61** 9 4** ND** 27** 1 6 
White Sturgeon 12-4-0 5 132 029 07 52 43 13 1 3 ' NO 32 NA 
Clam 2-2-0 25 3-5 0 08 09 NA 13 21 ND ND NA NA 
Crab (Muscle) 6-6-3 10 12 014 02 NA 49 ND ND NO NA 01 
Crab 3-3-1 20 12 0 05 43 NA 109 64 38 NO NA 11 
IHepatopancreas) 

*Many of the stnped bass and leopard shark Hg analyses were of mdividual fish 
**Values mclude only summer croaker data_ When all seasonal data are used, medians are as follows: % liptd = 4.3, Aroclors = 276, congeners= f91, DOTs= 
62, chlordanes = 9.3, Dieldrin = 1.0, and PBDEs = 27. 
ND =not detected. NA =not analyzed. 
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The reduced importance of length for smaller species could derive from a variety of 
biological mechanisms, as described in Davis et al. (2002). For exam le, mercury concen­
tration strongly correlates with ish age and larger fish species may exhibit stronger size 
to age correlations. Additionally, because the smaller fish species tend to exhibit smaller 
home range sizes (Minns 1995; 
Greenfie d et al. In Review), 
individual mercury concentra­
tion may vary 1ore due to 
small-scale spatial heterogene­
ity in concentration of available 
mercury. One potential mecha­
nism is that larger species may 
exhibit stronger correlations 
between trophic position and 
size. This was not supported by 
stable isotope analysis of the 
fish from the study. Surpris­
ingly, isotope results suggested 
that the relationship between 
trophic position and mercury 
concentration was weak for 
most species (Greenfield et al. 
In Review). If this is the case, 
variation in trophic position 
may not be a particularly 
important controlling factor of 
mercury contamination among 
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Bay sport fish. Additional analyses, including larger sample sizes at a specific location, 
and possibly gut content analyses of multiple species, would h~lp confirm whether 
trophic position correlates with mercury accumulation in Bay fish. 

Spatial patterns 
In order to have confidence that apparent differences among locations accurately 

reflect conditions in the Bay, it is necessary to have consistent results from replicate 

Table 3. Summary of concentrations above screening values for each species. 
Numerator indicates the number above the screening value, denominator indicates the 
number of samples analyzed. Screening values from Brodberg and Pollack (1999). 

Sumo! Sumo! 
Mercury Aroclors Sum of DDTs Chlordanes Dieldrin 
(~g-t) (nglg-t) (nglg_.) (nglg_.) (ng/g-') 

Screening value 0.30 20 100 30 2 

Halibut 3/1 0 2/3 0/3 0/3 0/3 NA 
Jacksmelt 0115 12/15 0/15 0/15 0/15 0/1 

Leopard Shark 32/32 3/6 0/6 0/6 0/6 NA 
Shiner Surlparch 0118 18118 0/18 0/18 3/1 8 8/8 

Strlpad Bass 10/32 10/10 0/10 0/10 0/10 0/9 

White Croaker 1/15 24/24' 3/24' 0/24' 12/24' 14/14 

Sturgeon 5/12 3/4 0/4 0/4 0/4 NA 
Clam 0/2 NA 0/2 0/2 0/2 NA 
Crab (Muscle) 0/6 NA 0/6 0/6 0/6 0/3 

Crab (Hepatopancreas) 0/3 NA 0/3 0/3 0/3 1/1 

All Finfish Spacles 511134 72/80 3/80 0/80 15/80 22/32 

*Includes analyses from seasonal croaker study 

Figure 3. 
Mercury 
concentrations (fA.g/g 
wet) in Bay fish, 
2000. Points are 
concentrations in 
each composite 
sample analyzed. 
Bars indicate median 
concentrations. 
Horizontal line 
indicates screening 
value (0.30 11g/g 
wet). 
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samples. In 2000, replicate sampling for mercury analysis, with at least three samples 
consisting of fish of uniform size, was performed at multiple locations for all species. 

Statistically significant spatial variation in mercury concentrations was apparent for 
jacksmelt, leopard shark, shmer surfperch, and white sturgeon (Table 4). With the excep­
tion of shiner surfperch, all of these species exhibited relatively high mercury concentra­
tions at the South Bay Bridges 
site (Figure 6; Table 4). Three 
species exhibited relatively low 
concentrations at the Berkeley 
site (Figure 6; Table 4). 

07~-----------------------------------. 

In contrast to 1997, 
mercury concentrations at the 
Oakland Inner Harbor site were 
not sigruficantly higher than 
most other sites for most 
species. One exception to tlus 
was shiner surfperch, which 
exhibited relatively high 

· concentrations at Oakland 
Harbor. For white croaker, 
concentrations at Oakland 
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Harbor were smaller than those captured at other sites, having a median length of 25 em, 
as compared to 27 em for all croaker. Additionally, Oakland Harbor croaker exhibited 
relatively low nitrogen isotope signatures, which may indicate lower trophic position 
(Greenfield et al. In Review). 

Among the largest sport fish sampled, both leopard shark and white sturgeon 
exhibited significantly higher mercury concentrations in South Bay than San Pablo Bay. 

The striped bass did not exhibit a sigruficant spatial pattern, despite the fact that a 
relatively large number of samples were analyzed (N = 32). This may result from the 
extensive rmgratory behavior of this species (Calhoun 1952), but may also be due to 
among site variation in striped bass diet or life history. 

The spatial patterns in fish mercury contamination that do occur may result from 
spatial variation in the amount of bwavailable mercury among sites. The South Bay 
Bridges site was elevated in mercury for several fish species Gacksmelt, leopard shark, 
and white sturgeon); this site is the closest fish study site to the Guadalupe River, which 
flows out from the New Almaden mercury mining district. Compared to most sources of 
mercury loading to the Bay, mercury concentrations in sediment from the Guadalupe 
River are relatively high Oohnson and Looker 2003). Additionally, the Guadalupe River 
exhibits elevated water and sediment mercury concentrations as compared to sites in the 
South, Central and San Pablo Bays (Leatherbarrow et al. 2002). The shiner surfperch 
exhibited significantly elevated mercury concentrations in San Leandro Bay and Oakland 
Harbor. These locations had elevated sediment mercury concentrations in an SFEI study 
(Daum et al. 2000) and an unpublished sediment mercury survey funded by the 
SFRWQCB (Wes Heim and Mark Stephenson, CDFG, unpublished data). The alternative 
hypothesis that among site variation in trophic position causes variation in fish mercury, 
is not well supported by stable isotope data (Greenfield et al. In Review). 
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Figure 5. 
Strength of length 
versus mercury 
relat1onsh1p 
(regress1on R2 ) as a 
function of med1an 
spec1es length. Each 
dot represents one 
of the seven fish 
spec1es mon1tored 1n 
2000. 
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Table 4. Contammant concentratrons (wet werght) at each sampling locatron for 2000. For each hstmg, mean values are presented. n 

"' For multrple srte comparrsons for a grven contammant, srtes wrth hrgher letters (e.g. B,C) are signrficantly hrgher than lower letter 
;:s ..,. 

srtes. Lrstmgs wrth no letter erther do not exhrbrt srgnrficant drfferences (Bonferronr corrected ANOVA; Turkey-Kramer Multrple ~ 
Comparrson Proceedure; p<O.OS)or do not have sufficrent sample srze to evaluate statistrcally. PCBs are presented as sum of 0 

;:s 
congeners. en 

Species ;:s· 
Site Jacksmelt Shiner Surfperch Wlute Croaker Striped Bass Leopard Shark Halibut Sturgeon 'Tl 

South Bay Bndges 0.077 B 0.093 B 0.284 0.242 1.117 B 0444 B 
<;; 
;,-

~an 
Oakland 0063 B 0.144C 0166 '::t-c 
San Leandro Bay 0.149C := 

t~ S.F. Waterfront , 0.053 B 0.067 A 0 193 0.342 Vl 

"' :g~ ;:s 
Berkeley O.OOOA 0.068 A 0258 0.339 0.847 A 'Tl 
San Pablo Bay 0.073 B 0.051 A 0.232 0.267 0.714A 0 175 0.218 A ~ 

;:s 
South Bay Bndges 62 B 164C 202 40 32 43 n 

<;; 

~ Oakland 65 B 241 D 235 n c 

E San Leandro Bay 288 D ttl 

"' ., S.F. Waterfront 26 AB 120BC 154 23 ~ 
J:Q 
u Berkeley 12A 96B 140 63 12 "' 0 j:l., 0 

San Pablo Bay 32 B 60A 214 31 7 22 37 0 

South Bay Bndges 24.8 38.8 59 I 21 3 107 12.5 
b:o Oakland 17.1 41 8 65.7 tiD 
E San Leandro Bay 43.1 ., 

S.F Waterfront 26.3 30.8 47.1 6.3 E-< 
~ Berkeley 22.2 41.9 42.5 28.9 3.0 
~ 

San Pablo Ba~ 22.4 24.2 94.5 21.1 3.7 6.0 19.8 
South Bay Brrdges 40 12.7 13.0 0.9 0.6 1.3 ., 
Oakland 1.7 13.8 10.8 Q) 

~an San Leandro Bay - 24.5 
""tiD 2; l:l SF. Waterfront 0.5 2.0 5.9 0.0 
:a~ 

Berkeley 0.0 3.0 50 2.9 00 u 
San Pablo Bay 0.8 4.0 12.4 0.8 0.0 0.0 0.9 

an South Bay Brrdges 6.8 22.5C 27.1 6.0 4.6 3.1 

tiD Oakland 4.8 16.1 BC 37.2 
E San Leandro Bay 13.1 B ., 
r£1 S.F. Waterfront 4.4 17.3 BC 24.1 3.0 
~ Berkeley 2.7 15.3 BC 18.9 12.1 1.7 J:Q 
j:l., San Pablo Bay 4.3 5.9A 31.2 6.4 1.1 3.0 5.0 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1-
I 
I 
I 
I 

··I 

San Franc1sco Estuary Inst1tute 

0 500 

Halibut • 0 300 
Jacksmelt * 

E 0400 

f 
;; 0300 
~ 

Individual fish 

• .. 
Composites of 5 fish 

0 200 

"' ~ 0 200 
~ 

" <? ., 
::;; 0100 

• • - I 

• 
• 

• * t t t 

0100 

0 000 0000 

l ~ I l ,j ~ f ~~~I €- ~ 
~ q; "if q; 

~ ~ ,!!;! <~~ I i f ~ ~ 
0 I ~"' 

0 ~"' q; Q.;{f 0. co 
'" "- of " "- ,f j' "' ,f "' 

co 
co 

1 600 * Leooard shark 0300 

• Individuals 

E 1400 

"' ~ 1 200 

J 1 000 

~ 0800 
2. 
~ 0600 
~ 

; 
• • .. t t 
I I I_ 

Shmer surfperch* 

Comoos\les of 20 fish 

• 
t ' 

• 

0200 

0100 

" 0400 ::;; 

0 200 
-'Oc I a t 

0 000 0000 

~ f CJ,r. @~ €- ~ ~ f ~ I €- ~ q; "if q; q; q; "if q; 

l 
~ l J ~ ~ i ~ l <!~ ~ 

o"' 
~"' 

q; ;{{ o"' ~., ;{{ 

.! "-
0. co .! 0. 

"',f "- ,f 
,f "' "',f "' co 

co 

0500 
Stnped bass • 0400 • White croaker 

E 0400 

"' ~ 
J 0 300 

"' Cb 
2. 0 200 
~ 

" 

Individuals 

• • • l • 
: • ; .. t • 
I . 

Composlles of 5 fish 

• • • • 
• •• 

t • • 

0300 

0200 

lo! 
" ::;; 0100 

0100 

0 000 0000 

~ ~ ~ <! €- ~ ~ ~ ~ I ~~ CJ~ q; :;' q; I I q; q; ;;l q; 

§ .,f .,p § .,f <!~ # o"' <I ;{{ o"' iii r-J .! ~"' 0. r-J .! ~ o."' 
"- ,f "- ,f 

,f "' co ,f "' co 
co co 

Temporal trends 
Of the four species with multiple samples in 1994, 1997, and 2000, only striped bass 

exhibited statistically significant variation in mercury over those years (R2 = 0.47; p < 
0.0001). Leopard shark (R2 = 0.02; p = 0.70), shiner surfperch (R2 = 0.10; p = 0.09), and 
white croaker (R2 = 0.06; p = 0.21) did not exhibit significant patterns. Mercury concentra­
tions in striped bass were significantly higher in 1997 than they were in 1994 and 2000 
(Figure 7a). 

When long-term patterns in striped bass mercury concentrations were evaluated 
comparing data from the early 1970s and the 1990s, there was no clear upward or down­
ward.trend (Figure 8). Backwards elimination stepwise regression including all seven 
years indicated a statishcally significant relationship between length and mercury for all 
years (p < 0.0001) and a significant increase in mercury concentration for 1997 (p = 
0.0009) as compared to all other years. There was no significant difference among years in 

Figure 6. Mercury 
concentrations (~Lg/g 
wet) at each sampling 
locat1on m 2000. Wh1te 
sturgeon data not 
shown. Lme on plots 
md1cate screenmg value 
of 0.30 !!g/g wet. Pomts 
at zero mdcate results 
below detection hm1ts. 
Astensk (*) md1cates 
s1gn1ficance of analysis 
of vanance at p < 0.05 
(Bonferrom corrected). 
Note differences m 
scale. 
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Figure 7. 
Change 1n selected 
stnped bass attnbutes 
over consecutive RMP 
sampling penods. Pomts 
are concentrations 1n 
each sample analyzed. 
Bars mdicate med1an 
concentrations. Cap1tal 
letters 1nd1cate 
statistically s1gn1ficant 
difference among years 
by analysis of vanance 
(p < 0.05; Bonferron1 
corrected for multiple 
compansons). a) T1ssue 
mercury concentration 
(lme on plo.t 1nd1cates 
screenmg value of 0.3 
!!g/g wet). b) Total 
length (em). c) Tissue 
total PCB concentration 
(congener bas1s; ng/g). 
d) Tissue lipid content 
(%). 
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the slope of the length versus mercury relationship. Thus, when length effects were 
accounted for, 1997 was significantly higher in striped bass mercury concentrations than 
other years sampled. 

There are several possible explanations for why striped bass mercury concentra­
tions were higher in 1997 than the other years sampled. Possible explanations include 
variation in diet or that the bass from different years resided in different locations vary­
ing in food web mercury. Striped bass do show evidence of increased tissue Hg with 
increased trophic position (Greenfield et al. In Review), making it possible that temporal 
variation in diet causes vanable uptake of mercury. However, the increase in 1997 is not 
simply a result of differences in fish length. The multiple year regression analysis showed 
elevated concentrations in 1997 even after accounting for length effects. Additi'onally, 
length was not significantly different between 1997 and 2000 despite the decrease in 2000 
mercury concentrations (Figure 7a, 7b). 

Another alternative explanation is that the amount of bioavailable mercury in the 
Estuary vaned among years. In January of 1997, there was a flood event with elevated 
streamflow. Tius flood event flushed a large input of bioavailable methylmercury mto the 
Bay, evidenced by huge increases in water methylmercury concentrations at Sacramento 
River monitoring sites (Domagalski 1998, 2001). Further evidence for this mercury 
loading event is the observation that total mercury concentrations in the RMP Sacra­
mento and San Joaquin River sampling stations were higher in February of 1997 than all 
other RMP samplmg years (Leatherbarrow and Lowe 2001). The fact that concentrations 
were not elevated in other Estuary fish speCies does not support the hypothesis that 
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striped bass mercury concentrations increased in 1997 due to this loading event. Never­
theless, striped bass exhibit considerable upstream migration (Calhoun 1952), which may 
expose them to elevated mercury in the Delta more than other fish species. 

Mercury concentra-
tions in striped bass do 
not appear to have 
consistently increased or 
decreased since the early 
1970s. This lack of 
temporal pattern may be 
related to the presence 'of 
historic mercury sources 
in the region. Between 
1850 and 1900, large 
amounts of mercury 
were extracted from 
mines in the Bay water-
shed. Much of this 
mercury was used to 
amalgamate gold in . 
hydraulic mining 
processes in the Sierra 
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Nevada (Nriagu 1994; Alpers and Hunerlach 2000). As these wide-spread and poorly 
regulated mining operations are a sigruflcant source of mercury to the watershed (Nriagu 
1994; Domagalski 2001), it may take decades or even centuries before the source inputs 
are successfully curtailed. Furthermore, the active serument layer within the Estuary and 
erosion of buried sediments in the northern Estuary may provide continuous sources of 
total mercury to the overlying water column Gaffe et al. 1998; Fuller et al. 1999). 

Po!Ychlorinated Biphenyls (PCBs) 
Introduction 

The term "polychlorinated biphenyl" refers to a group of 209 individual chemicals 
("congeners") based on substitution of the biphenyl molecule with varying numbers of 
chlorine atoms. Due to therr resistance to electrical, thermal, and chemical processes, 
PCBs were used in a wide variety of applications (e.g., in electrical transformers and 
capacitors, vacuum pumps, hydrauhc fluids, lubncants, inks, and as a plasticizer) from 
the time of therr initial commercial production in 1929 (Brinkmann and de Kok 1980). In 
the U.S. PCBs were sold as mixtures of congeners known as "Aroclors" with varying 
degrees.of chlorine content. By the 1970s a growing appreciation of the toxicity of PCBs 
led to restrictions on their production and use. In 1979, a final PCB ban was Implemented 
by the U.S. Environmental Protection Agency, prohibiting the manufacture, processing, 
commercial distribution, and use of PCBs except in totally enclosed applications (Rice 
and O'Keefe 1995). A significant amount of the world inventory of PCBs may still be in 
place in industrial equipment (Rice and O'Keefe 1995). Leakage from or improper 
handling of such equipment has led to PCB contammation of runoff from industrial 
areas. Other sources of PCBs to the Estuary are atmospheric deposition, effluents, and 
remobilization from sediment (Davis et al. 1999a). 

Although their use has been restricted for almost two decades, PCBs remain among 
the environmental contaminants of greatest concern because many of the PCB congeners 
are potent toxicants that are resistant to degradation and have a strong tendency to 
accumulate in biota. As for mercury, PCBs are listed as a high priority contaminants on 
the 303(d) list of contaminants that impair water quality in the San Francisco Estuary 
(SFRWQC~ 2001). Mass balance modeling indicates that the current mass of PCBs m th_e 

Figure 8. 
Mercury 
concentrations m 
stnped bass m the 
1970s and 1990s. 
Gray bars md1cate 
annual med1an 
concentrations. 
Honzontal line 
md1cates screen1ng 
value (0.30 f.lg/g 
wet). Astensk above 
1997 indicates 
s1gmficant difference 
from overall length 
versus mercury 
regression (see text). 
Data were obtamed 
from CDFG h1stoncal 
records (1970-1972), 
a CaiFed-funded 
collaborative study 
( 1999), and the 
Reg1onal Momtonng 
Program (1994, 1997 
and 2000). Note log 
scale on y-ax1s. 
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Bay will take decades to be removed by natural processes (Davis 2002). In general, PCBs 
are not very toxic in acute exposures, but certain congeners are extremely toxic in chronic 
exposures. The most toxic PCB congeners are those that closely mimic the potency and 
mechanism of toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin ("dwxin", one of the most 
toxic compounds known). These PCB congeners can cause toxic symptoms similar to 
those caused by dwxm exposure, including developmental abnormalities and growth 
suppression, disruption of the endocrine system, impairment of immune function, and 
cancer promotion (Ahlborg et al. 1994; Van den Berget al. 1998). The PCBs that most 
closely mimic the potency of dioxin are three congeners, PCB 77, PCB 126, and PCB 169. 
PCB 126 is the most potent congener by far, one-tenth as potent as dioxin, and is the 
congener of greatest concern in aquatic environments (Van den Berget al. 1998). Other 
toxicologically active PCB congeners and their metabolites exert toxiCities through 
different mecharusms than the dioxm-like congeners (McFarland and Clarke 1989). 
USEPA classifies PCBs as a probable human carcinogen (U.S. EPA 2000). 

The toxicity of PCBs has historically been evaluated for Aroclor mixtures. In recent 
years toxicological data have begun to accumulate for specific PCB congeners, but overall 
the toxicological database is more complete for Aroclor mixtures than for PCB congeners 
(U.S. EPA 2000). U.S. EPA (2000) consequently recommends using an Aroclor screening 
value to evaluate fish tissue contamination. In this monitoring, as in the RMP in general, 
PCBs were measured on a congener-specific basis. Advantages of congener-specific data 
are described in Davis et al. (1997) and U.S. EPA (2000). The congener-specific results 
were used to estimate Aroclor concentratio~s using the method of Newman et al. (1998). 

Due to their general resistance to metabolism and high affinity for lipids, PCBs and 
other similar organochlorines reach higher concentrations with increasing trophic level in 
aquatic environments; this process is known as "biomagnification" (Gobas et al. 1993; 
Suedel et al. 1994). The most toxic PCB congeners are also relatively resistant to metabo­
lism (Davis 1997). Consequently, predatory fish, birds, and mammals (mcludmg humans 
that consume fish) at the top of the food web are particularly vulnerable to the effects of 
PCB contamination. 

Ana!}rtical considerations 
Two different methods were employed to measure PCBs. 48 PCB congeners were 

measured by the California Department of Fish and Game, Water Pollution Control 
Laboratory. This list included the congeners that are most abundant in environmental 
samples, but not PCBs 77, 126, and 169. A more elaborate and expensive technique is 
required to measure concentrations of PCBs 77, 126, and 169. Analyses of these three 
congeners were performed along with dioxin analyses by the Hazardous Materials 
Laboratory, Cal-EPA on a subset of samples. Results for these congeners are presented 
and discussed in the section on dioxins. 

PCBs were measured on a congener-specific basis. Advantages of congener-specific 
PCB analysis are discussed in Davis et al. (1997). However, screening values for PCBs are 
expressed as Aroclors. The method of Newman et al. (1998) was employed to convert the 
congener data to Aroclor data. This method is based on comparing ratios of 14 congeners 
in samples with their ratios in the commercial mixtures Aroclor 1248, 1254, and 1260. The 
concentrations of Aroclors 1248, 1254, and 1260 were estimated in this manner and 
summed to obtain the "sum of Aroclors" for each sample. Unless otherwise indicated, 
PCB data presented in this report are expressed as the sum of Aroclors. 

While some PCB congeners could be quantified in each sample, the low concentra­
tions of congeners in 2.5 % of samples (2 of 80) translated to "not detected (NO)" concen­
trations of sum of Aroclors. These NO values were excluded from regression analyses of 
sum of Aroclors and lipid. The detection limit for each congener was 0.20 ng/g wet. 
MDLs expressed on an A rod or basis (calculated from the congener data) were 10 ng/ g 
wet for Aroclor 1254 and 1260 and 25 ng/ g wet for Aroclor 1248. 
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To achieve normal distributions for the spatial ANOVA and the seasonal ANOVA, 
total PCB congener data were log transformed. When all three years of data were evalu­
ated for the temporal ANOVA, square root transformation achieved the best approxima-
hon of a normal distribution. -

Prior to the Regional Monitoring Program and Bay Protection and Toxic Cleanup 
Program, few data were collected on PCB concentrations in fish in San Francisco Bay. We 
compare the RMP and BPTCP findings to other data found for identical species in the 
Bay. All these comparisons are based on PCB concentrations measured using the Aroclor 
method. Risebrough (1969) determined PCBs in three composite samples of shiner 
surfperch, collected from the Central Bay in 1965, containing 10 to 15 individuals per 
sample. The c;ooperative Striped Bass Study analyzed' striped bass for PCBs in 1979, but 
only three fish were analyzed and all had observable health problems, indicating a 
nonrepresentative sample (CSWRCB 1980). Finally, the Toxic Substances Monitoring 
Program (TSMP) sampled sturgeon (1986-1992) and striped bass (1986-1988) from Suisun 
Bay. In each year, the TSMP analyzed a single- composite of four to SIX fillets for each 
species. Quality assurance measures for the TSMP were comparable to RMP and in­
cluded reagent blanks, 10 percent sample duplicates, and standard reference materials. 
Lab results were withm 95 percent confidence intervals of reference parameters and 
duplicate precision was adequate (Rasmussen and Blethrow 1991; Rasmussen 1993, 
1995). However, reporting limits were relatively high (50 ng/ g for each Aroclor, as 
compared to 10 or 25 ng/g for RMP data). 

Data distribution and summary statistics 
Sum of Aroclor concentrations were highest m wrote croaker, with a median con­

centration of 278 ng/g wet, and shiner surfperch, with a median of 207 ng/g wet (Table 2, 
Figure 9). Sum of Aroclor concentrations were substantially lower in the other species 

. sampled. The lowest median concentrations were measured in California halibut (24 ng/ 
g) and leopard shark (20 ng/ g). 

Sum of Aroclors was measured in a total of 80 samples; 72 samples had concentra­
hons higher than the screening value of 20 ng/ g wet (Table 3). Every species exhibited 
some exceedances. All of the white croaker, shiner surfperch, and striped bass samples 
exceeded the screening value. Most of the jacksmelt (12 of 15 samples), sturgeon (3 of 4), 
and halibut (2 of 3) samples exceeded the screening value. 

Controlling factors 
Sum of PCB congeners concentrahons in the seven species sampled were signifi­

cantly correlated (R2=0.49; p < 0.0001) with lipid content (Figure lOa). The fish species 
with the highest lipid content in their muscle tissue had the highest PCB concentrations. 
However, close examination of Figure lOa reveals that for most species monitored, 
within-species variation in PCB concentrahons is not positively correlated to lipid 
concentration. This absence of within-species positive correlation between PCBs and lipid 
content has been observed for nonspawning fish by Stow et al. (1997). Stow et al. hypoth­
esized that the lack of correlation among nonspawning individuals might derive from 
differences in hpid type influencing contaminant affinity. Another possibility is that 
within a given species, father fish are healthier, therefore exhibiting greater growth rates 
and growth dilution (e g., Brown and Murphy 1991). Firlally, the limited range of lipid 
vanation within the individual species might not be wide enough for a statistically 
significant relationship with contaminahon. 

One exception to the lack of correlahon Within speCies was white croaker. When the 
seasonally sampled Oakland Harbor sites were included, white croaker exhibited a 
strong positive correlation between PCBs and lipid content. This correlation may derive 
from the fact that the seasonal sampling captured variability due to loss m PCB body 
burden with spawning events, which is further discussed in Temporal Trends, below. 
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Figure 9. 
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sample analyzed. 0 e Bars md1cate <( 
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Previously we hypothesized that species and individuals feeding higher m the food 
web would have higher concentrations of PCBs and other trace organic contaminants. 
Surprisingly, stable isotope analyses of jacksmelt, shiner surfperch, and white croaker, 
did not support this hypothesis. The absence of correlation between nitrogen isotope 
signature and tissue PCB concentrations indicates that trophic position doesn't necessar-
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ily influence PCB concentrations 
for Bay area fish (Greenfield et 
al. In Review). 

Spatial patterns 
Statistically significant 

spahal patterns were observed 
for both shiner surfperch and 
jacksmelt. The jacksmelt exlub­
ited greater than fourfold 
variahon and shiner surfperch 
exhibited greater than tenfold 
variation in mean PCB concen­
trations among sampled sites 
(Figure 11, Table 4). Jacksmelt 
exhibited significantly lower 
concentrations at Berkeley than 
at South Bay Bridges, Oakland 
Harbor, or San Pablo Bay. Shiner 
surfperch exhibited significantly 
lower concentrahons at San 
Pablo Bay than all other sites 
and significantly lugher concen­

tratiOns at Oakland and San Leandro Bay than the remaining sites. Additionally, for 
shiner surfperch, South Bay Bndges concentrations were significantly higher than 
concentrations at Berkeley or San Pablo Bay (Table 4). 

Among the four species with sufficient sample size to conduct spatial ANOVAs 
(shiner surfperch, jacksmelt, white croaker, and striped bass), spatial pattern was most 
important in predicting PCB concentrations for the smallest fish species, shiner surfperch 
(R2 = 0.96). For the larger species, white croaker and striped bass, sampling location was 
not as predictive of PCB concentrations (R2 = 0.61 and 0.75, respechvely). This increase in 
the importance of sampling location for smaller fish speaes was also observed in 1997. 
Potential mechanisms behind this pattern are discussed in previous reports (Davis et al. 
1999b; Davis et al. 2002). Stable isotope evidence supports the contention that the smaller 
shiner surfperch is more sedentary than croaker or striped bass (Greenfield et al. In 
Review). 

Temporal trends 
White croaker were collected seasonally from the Oakland Inner Harbor site in 2000 

to test for seasonal variahon in organochlorine contaminant concentrahons. Three 
composites of croaker were analyzed for PCBs and other trace organic contaminants from 
each of four sampling periods (March, June,.September, and December). For PCBs, 
considerable variahon m sample concentration was explained by sampling period 
(ANOVA R2 = 0.69; p = 0.019), indicating that the croaker tissue PCB concentrations 
exhibit seasonal variation. Concentrations were significantly lower (p < 0.05) in spring 
(mean= 115 ng/g), as compared to summer (mean= 277 ng/g) and fall (mean= 314 ng/ 
g) (Figure 12b). 
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Interestingly, the seasonal variation in PCB concentrations corresponds with similar 
vanation in lipid concentrations. Croaker exhibited highly sigruficant seasonal variation 
in percent lipids (R2 = 0.87; p = 0.0006) with significantly lower values in spring (mean = 
1.6 percent) than in the other three seasons (mean = 5.7 percent; Figure 12a). The reduc­
tion in spring PCB concentrations may result from reduced hssue lipid content. As we 
have observed, in the San Francisco Estuary, percent lipid explains significant among­
species variation in tissue organochlorine concentrations but not within-species variation 
for most species (Figure 10). But the range of lipid content is greater in the seasonal 
croaker sample than for summer sampling of other species. A probable explanation for 
the seasonal variation ill lipid content and PCB concentration is reproductive activity. On 
the southern California coast, white croaker exhibit peak spawning activity in Janua,ry 
and February (Love et al. 1984). Croaker body condition is reduced in early sprillg as 
compared to summer, presumably as a result of energy loss due to gonad development 
and spawning behavior (Love et al. 1984). In our seasonal croaker samples, the gonadal 
somatic index was much greater ill winter and spring than other seasons, indicating 
reproductive activity in winter and spring (Figure 12e). We hypothesize that croaker 
sampled in the spring have reduced PCB content because theu lipid and PCBs are 
partitioned to gonad tissue over the course of the winter and spring reproductive period. 
This hypothesis could be tested by comparing PCB and lipid content of somatic versus 
gonad tissue on a seasonal basis. 

Unlike seasonal variation in croaker PCBs, interannual variation was generally 
absent for most species. As with mercury, only striped bass exhibited statistically signifi­
cant variation in PCB concentrations between 1994 and 2000 (R2 = 0.67; p < 0.0001). 
Leopard shark (R2 = 0.22; p = 0.14), shiner surfperch (R2 = 0.11; p = 0.09), and white 
croaker (R2 = 0.07; p = 0.17) did not exhibit significant patterns. PCB concentrations in 
striped bass were significantly higher in 1994 than they were in 1997 and 2000 (Figure 7c). 

The reduction in striped bass PCB concentrations after 1994 cannot be easily ex­
plained by variations in attributes of the sampled fish. As discussed previously, PCB 

Figure 10. Regressions 
of concentrations of 
trace organ1c 
contammants 1n all 
spec1es (ng/g) versus 
percent hp1d 1n 

compos1te samples. a) 
PCBs (as sum of 
congeners). b) DOTs. c) 
Chlordanes. d) PBDEs. 
Data are taken from 
2000, mclude seasonal 
sampling of wh1te 
croaker, but do not 
mclude samples below 
detection limit. Note log 
scale. 
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Figure 11. 
PCB concentratzons tn 
each sampltng locatton, 
expressed as sum of 
Aroclors (ng/g wet), 
summer, 2000. 
Tnangles are 
concentrattons 1n each 
compostte sample 
analyzed. Honzontal 
line mdtcates screenmg 
value (20 ng/g wet). 
Asterisk(*) mdtcates 
stgntficance of analysts 
of vanance at p < 0.05 
(Bonferront corrected). 
Pomts at zero mdtcate 
results below detectton 
hmtts. Whtte sturgeon 
data not mcluded. Note 
dtfferences in seal~. 
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concentrations are often influenced by hp1d content. However, there was no significant 
variation in stnped bass hpid content among the three years (Figure 7d; R2 = 0.03; p = 
0.70). Some authors have reported sigruficant positive relationships between PCB content 
and fish size (Stow et al. 1997; Lamon and Stow 1999), but striped bass were significantly 
smaller in 1994 when PCB concentrations were higher. 

One hypothesis for why striped bass PCB concentrations went down after 1994 is 
that PCB abundance has continued to decrease since the production ban of the 1970s. If 
this were the case, we would expect concentrations in striped bass to have been higher 
prior to the 1994 sampling event. In 1979, the Cooperative Striped Bass Study determined 
PCB Aroclor concentrations ranging from 150 to 650 ng/ g. Although these values were 
generally higher than 1994 values (median total Aroclors equal182 ng/g), the data 
comparability is compromised by the fact that the fish selected for analysis were sick fish. 
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Examination of TSMP data in combination with RMP and BPTCP data for sturgeon 
total Aroclor concentrations provides eight years of sampling from 1986 to 2000 (Figure 
13a). As with the TSMP striped bass data, these data do not provide clear evidence of a 
decreasing trend in PCBs in the Estuary food web. Concentrations were elevated in 1989 
and 1990, but concentrations were similar in 1986, 1987, and 1992 samples to the samples 
since 1994. As with wet weight data, lipid weight data also do not demonstrate clear 
temporal trends (Figure 13b). This apparent lack of trend may partially result from the 
relatively high detection limits in the TSMP data (50 ng/ g wet weight for each Aroclor) 
and our treatment of non-detects as zero values. Nevertheless, a separate study of liver 
contaminant concentrations in starry flounder and white croaker didn't find significant 
PCB trends m most Bay locations between 1984 and 1991 (Stehr et al. 1997). 

Finally, the absence of significant interannual variation since 1994 in PCB concentra­
tions for other species does not support the hypothesis that the amount of PCBs available 
to fish has reduced throughout the Bay. A more likely explanation for the striped bass 

Figure 12. 
Seasonal vanat1on m 
attnbutes of wh1te croaker 
compos1te samples 
collected from Oakland 
Inner Harbor m 2000. 
Tnangles are 
concentrations m each 
compos1te sample 
analyzed. a) T1ssue l1p1d 
content(%). b) PCBs (as 
sum of congeners; ng/g 
wet). c) DDTs (ng/g wet). 
d) Chlordanes (ng/g wet). 
e) Gonadal somat1c mdex 
([gonad mass/whole body 
mass] * 100). 
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Figure 13. 
Long-term 
patterns m 
wh1te sturgeon 
total PCB 
concentrations 
(Aroclor bas1s; 
ng/g). Each 
data pomt 
represents a 
compos1te 
sample of 2 to 
6 sturgeon. 
Data were 
obtamed from 
the TOXIC 

Substances 
Momtonng 
Program (1986 
through 1992) 
and the 
Reg1onal 
Momtonng 
Program (1994 
through 2000). 
a) Wet we1ght 
Aroclor 
concentration 
(ng/g). b) 
L1p1d we1ght 
Aroclor 
concentration 
(ng/g l1p1d 
t1ssue). 
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and sturgeon interannual variahon is that these species exhibit significant interannual 
variability in their exposure to PCBs between years. This could be due to variation in 
movement patterns, diets, or populations sampJed. 

Risebrough (1995) previously observed that PCB concentrations in shiner surfperch 
collected by the BPTCP (1994 median of 160 ng/g} were close to an order of magnitude 
lower than samples collected in 1965 (ranging from 400 to 1200 ng/g}. It is likely that the 
1970s ban of PCB produchon led to an initial rapid decline followed by a much more 
gradual decrease, approximating steady-state conditions (Risebrough 1995; Schmitt and 
Bunck 1995; Stow et al. 1999): Current modeling efforts of PCBs indicate that it will likely 
take decades for significant reductions of PCBs to occur in Bay sediments and water 
(Davis 2002). Available evidence does not indicate that PCBs in fish have been declining 
at a detectable rate over the past decade; if concentrations are continuing to decline, it 
may take many sampling periods to detect this trend. 

DOTs 
Introduction 

DDT is an organochlorine insecticide that was used very extensively in home and 
agricultural applications in the U.S. beginning in the late 1940s and continuing in the U.S. 

until the end of 1972, when all uses, 

350~----------------------------------~ 

except emergency public health 
uses, were cancelled (U.S. EPA 
2000). DDT is present as a manufac­
turing byproduct in techfiical 
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mixtures of some other pesticides; 
use of such pesticides containing 
more than 0.1% DDT was canceled 
as of December 1988 (U.S. EPA 
2000). The primary sources of DDT 
to the Bay at present are probably 
continuing transport of contami­
nated soils and sediments from 
urban and agricultural sites of 
histone use, and remobilization of 
residues from Bay sediments. For 
the San Francisco Estuary, DOTs are 
on the 303(d) list of contaminants 
that impair water quality and must 
be managed to reduce loading 
(SFRWQCB 2001) . 

The terms DDT or DOTs are 
often used to refer to a family of 
isomers (i.e., p,p'-DDT and o,p'­
DDT) and their breakdown prod­
ucts (p,p'-DDE, o,p'-DDE, p,p'-
000, and o,p'-000). DDT data are 
often expressed as the sum of these 
six components, and this approach 
1s recommended by U.S. EPA (2000). 
DDT and its metabolites ODE and 
DOD are neurotoxic and are also 
classified by U.S. EPA as probable 

human carcinogens (U.S. EPA 2000). Like PCBs, DOTs are very persistent in the environ-
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ment, resistant to metabolism, have a strong affinity for lipid, and biomagnify in aquatic 
food webs (Gobas et al. 1993, Suedel et al. 1994). 

Ana!Ytical considerations 
Seven DDT compounds (isomers and metabolites) were analyzed and reported. 

Following U.S. EPA (2000) guidance, six of these compounds were summed to derive 
"sum of DOTs": p,p'-DDT, o,p'-DDT, p,p'-DDE, o,p'-DDE, p,p'-DDD, and o,p'-DDD. The 
screening value for DOTs (100 ng/ g wet) applies to this sum of DOTs. Detectable DDT 
compounds were present in 79 of the 80 samples analyzed. Detechon limits for these 
compounds ranged from 2 to 5 ng/g wet (Appendix Table lc). 

To best approximate normal rustribuhon, DDT data were log transformed for the 
spatial and seasonal analysis of variance and were square root transformed for the 
analysis of interannual varia bon. 

To understand the potential confounding effect of growth attributes on interannual 
variation in DOTs, we performed stepwise regression analyses on two species that 
exhibited interannual trends (white croaker and shmer surfperch) (Draper and Smith 
1998). Potential predictor vanables were length and percent lipid, in addition to categori­
cal variables for each of the three years examined (1994, 1997, and 2000). Both forward 
selection and backwards eliminahon methods were employed, with oc = 0.05 required to 
retain individual predictors; all results reported were consistent among these two meth­
ods. Graphical analyses were also conducted to corroborate these methods. Additionally, 
standard diagnostic plots of residuals were examined for normality and 
heteroscedasticity and data were log transformed, when necessary (Draper and Smith 
1998). This resulted m log transformation of DDT concentrations for both species, and 
also of length m the shmer surfperch analysis. 

As with PCBs, few data were collected on DDT concentrations in fish in San Fran­
cisco Bay prior to 1994. Risebrough (1969) determined DOTs in the same three shiner 
surfperch samples he analyzed for PCBs. The ToXIc Substances Monitoring Program 
(TSMP) analyzed the same fish as for PCBs (refer to the PCBs analytical considerations 
section for descriptions of these analyses) (Rasmussen and Blethrow 1991; Rasmussen 
1993, 1995). 

Data distribution and summary statistics 
Sum of DDT concentrations were highest m white croaker, with a median concen­

trahon of 61 ng/g wet, and shiner surfperch, with a median of 37 ng/g wet (Table 2, 
Figure 14). Concentrations were intermediate in 1acksmelt and striped bass (median of 21 
and 23 ng/ g wet, respectively), and 13 ng/ g wet or lower in the other species. Leopard 
shark had the lowest median concentration (5.1 ng/g wet). Sum of DDT concentrations 
were above the screening value of 100 ng/g wet in only three of 80 samples (4%), all of 
them white croaker (Table 3). 

Controlling factors 
Sum of DDT concentrations in the seven species sampled were closely correlated (R2 

= o:65, p < 0.0001) with lipid content (Figure lOb). As observed for the other trace organ­
ics, the fish species with the highest lipid content in their muscle tissue had the highest 
DDT concentrations. However, individual variation in lipid content within a given 
species was not always related to DDT concentrations. The correlation of DDT with lipid 
was the strongest observed for the trace organics analyzed. As observed for PCBs, stable 
isotope evidence indicated no apparent relationship between DDT concentrations and 
fish trophic position (Greenfield et al. In Review). 
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Figure 14. 
DDT 

~ concentrations 1n 
Bay fish, Cl 

'(jj 
expressed as sum s: 
of DOTs (ng/g Q) 
wet), summer, s: 
2000. Pomts are ~ 

Cl 
concentrations 1n .s 
each compos1te (/) 

sample analyzed. 1-
0· 

Bars md1cate 0 
med1an -0 
concentrations. E 
Honzontal line :::1 

C/) 
1nd1cates 
screenmg value 
(100 ng/g wet). 
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Spatial patterns 
Unlike mercury, PCBs, or chlordanes, concentrations of DOTs were fairly similar 

among sites (Figure 15). Wet weight DDT concentrations did not exhibit significant 
spatial patterns for jacksmelt, shiner surfperch, white croaker, or striped bass. For ex­
ample, jacksmelt site mean concentrations ranged from 17 to 26 ng/g wet (Table 4), 
whereas mean PCB concentrations varied fivefold among sites. The spatial trends that 
were present were also inconsistent with other contaminant trends. For example, al-
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though not statistically signifi­
cant, jacksmelt at Oakland 
Harbor had the lowest mean 
DDT concentrations of any site, 
as compared to the highest 
mean PCB concentrations. 
Variation was distinct among 
species as well. For shiner 
surfperch, San Pablo Bay had 
the lowest mean concentra-
tions. In contrast, San Pablo 
Bay white croaker had the 
highest mean concentrations 
(Figure 15; Table 4). 

The lack of spatial 
variation exhibited for DOTs 
may reflect their differing 
sources from other organochlo-
rine compounds. DOTs were 
primarily used as pesticides in 
agncultural areas. Therefore, 
their distribution would be 

expected to correlate with agriculture. In contrast, PCBs were mostly used in industrial 
applications and chlordanes to control residential pests. Interpretations of RMP results 
mdicate that spatial distribution patterns of DOTs in sediments or water are fairly similar 
to patterns for PCBs and chlordanes, with elevated concentrations in the South Bay and 
reduced concentrations m the Central Bay (e.g., Leatherbarrow et al. 2002). The spatial 
variation in sediment and water column concentrations creates the potential for spatial 
variation in fish. In the case of DOTs, small-scale movement of fish may dampen any 
impact of spatial vanation in prey concentrations, though it remains unclear why PCBs 
and mercury show spatial patterns but DOTs don't. 

Temporal trends 
In 2000, white croaker did not exhibit significant seasonal variahon in DDT concen­

trations (ANOVA R2 = 0.33; p = 0.34). Concentrations were relatively low in spring for 
two of the three composites but the other composite exhibited the highest concentration 
of all twelve seasonal samples (Figure 12c). The lack of statistically significant seasonal 
variation in DDT concentrations, despite stgnificant variation in PCB and lipid concentra­
tions (and, as we shall see, chlordane concentrations), provides another example that 
DDT behavior is somewhat different from other trace organic contaminants. 

Estuary fish exhibited signiftcant interannual variation in total DDT concentrations. 
Of the four species sampled over the three periods, significant interannual varia bon in 
DDT concentrations was observed for striped bass (R2 = 0.41; p = 0.0012), shiner surf­
perch (R2 = 0.36; p = 0.0001), and white croaker (R2 = 0.23; p = 0.0012). Only leopard shark 
(R2 = 0.24; p = 0.12) did not exhibit significant interannual variation in DDT concentra­
tions. The direction of changes over time vaned among species. In both shiner surfperch 
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and white croaker, concentrations were s~gnificantly higher in 1997 than m 1994 or 2000 
(Figure 16c, 16d). In contrast, striped bass exhibited significantly elevated concentrations 
in 1994 as compared to the other two years (Figure 16b). 

Variation u1 fish attributes such as length or lipid content may explain why DOTs 
were elevated in 1997 for shiner surfperch and white croaker. Stepwise regression analy­
sis of length, lipid and year effects was conducted to test this hypothesis. 

For DDT concentrations in shiner surfperch, there was a significant positive effect of 
length (partial R2 = 0.09; p = 0.019; N = 43) and a significant positive effect for samples 
collected in 1997, as compared to 1994 and 2000 (partial R2 = 0.32; p < 0.0001). Once 
length effects were taken into account, there was no significant relationship between 
percent lipid and DOTs in shiner surfperch. These results mdicate, that once length effects 

Figure 15 . 
DDT concentrations m 
each sampling locatzon, 
expressed as sum of 
DOTs (ng/g wet), 
summer, 2000. 
Tnangles are 
concentrations m each 
sample analyzed. 
Honzontal lzne znd1cates 
screenmg value (100 
ng/g wet). Poznts at zero 
mdzcate results below 
detectzon lzmzts. Whzte 
sturgeon data not 
mcluded. Note 
dzfferences m scale. 
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Figure 16. 
Change 1n total DOTs 
(ng/g wet) over 
consecutive RMP 
samplmg penods. Pomts 
are concentrations 1n 
each sample analyzed. 
Bars 1nd1cate med1an 
concentrations. 
Honzontal lme equals 
screenmg value (100 
ng/g). Capital letters 
1nd1cate stat1st1cally 
s1gmficant years by 
ANOVA (p < 0.05; 
Bonferrom corrected for 
multiple compansons). 
a) Leopard shark. b) 
Stnped bass. c) Sh1ner 
surfperch. d) Wh1te 
croaker. 
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are taken into consideration, shiner surfperch still exlubit elevated DDT concentrations in 
1997. Scatter plots of the data show elevated 1997 concentrations at a given length or 
lipid content (Figures 17a and 17b). 

For DDT concentrations in white croaker, there was a significant positive effect of 
both length (partial R2 = 0.23; p < 0.0001; N = 53) and percent lipids (partial R2 = 0.40; p < 
0.0001). There was also a statistically significant but very weak negative effect for 
samples collected in 2000, as compared to other years (partial R2 = 0.04; p = 0.017). 
Graphical analyses indicate that the significantly elevated concentrations observed in 
1997 (Figure 16d) result from the fact that 1997 fish are higher in lipid content than other 
years (Figure 17d). 

Our statistical and graphical evaluation of interannual differences in DOTs suggests 
that patterns that originally appeared to be consistent among species may stem from 
different mechanisms. ANOVA indicated that both shiner surfperch and white croaker 
had significantly elevated concentrations of DDT in 1997 (Figures 16c and 16d). However, 
the stepwise regression indicated that only shiner surfperch had significantly higher 
concentrations jn that year after potential growth effects (i.e. differences in length and 
hp1d) were accounted for. This finding demonstrates the importance of collecting and 
evaluating growth attributes to help determme why fish concentrations fluctuate be­
tween years. 

DDT concentrations in shiner surfperch have declined since Risebrough's 1965 
sampling. Concentrations at that time (1000 -1400 ng/g) were more than an order of 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

San Franc1sco Estuary Institute 

100 100 

• b • • a • • 
80 80 

.<:: 0 0 
~ • • • Ql Ci • ~ • .g- <n 60 60 

.s • • .s • • :::> 
I.~~ "" ... t> • • CIJ en 0 ... ... 

{!!. ... 
Q; f- 0 0 I ... a 40 •t a 40 

'"" c: a 0 0 6 ~ .·6 a ~aorf> ... ... 
E 0 

CIJ 
0 0 ... ... 0 • 0 ... ... ... 1. 

20 0 ... 0 
0 20 0 oo 

0 0 0 0 

10 11 12 13 14 2 3 

Length (em) Percent Lipids 

200 

• 200 
180 c 

• 180 
160 0 

160 
Q; 140 • -"' ~ 120 

0 140 
<a 

~ 120 e • ... c: ... u ~ 100 • • c: 
$ {!!. 

~0 ~ - 100 
a 80 {!!. E a 0 o .. l!li • i 0 a 80 

~ 60 o • 4>o Ill> 0 a 
8 o

0 
ce 60 

40 0 0 ... ... 0 ... 40 
20 0 

20 

d • 
0 • 

• 0 
... • ... 

• • 
o 0 0 oA • •• 

oo ~ d'~{jJJ ... • • 
...... 4)0 0 "b 

0 = 1994 0 ... oj!> ro<lJ 
0 • = 1997 

... = 2000 
18 18 20 22 24 26 28 30 32 34 

10 
Length (em) 

Percent Lipids 

magnitude greater than concentrations m 1994, 1997 and 2000 (median concentrations of 
29, 54, and 34 ng/g, respectively). When data since 1994 are combined with TSMP data, 
DDT concentrations in white sturgeon also appear to be declining (Figure 18a). These 
patterns are not due to reduction in length. Additionally, lipid weight DDT concentra­
tions exhibit a similar pattern, with concentrations dropping after 1994 (Figure 18b). 
Although each TSMP data point consists only of a single composite of four to six fish, the 
observed pattern is highly suggestive of a decline in DDT concentrations in sturgeon 
since the mid-1980s. 

Chlordanes 

Introduction 
Chlordane is another organochlorine insecticide that was used extensively in home 

and agricultural applications (including corn, grapes, and other crops) in the U.S. for the 
control of termites and many other Insects (Shigenaka 1990; U.S. EPA 2000). Like PCB, 
chlordane is a term that represents a group of a large number (140) of individual com­
pounds (Dearth and Hites 1991). Restrichons on chlordane use began in 1978, and 
domestic sales and production ceased in 1988 (Shigenaka 1990; U.S. EPA 2000). An 
estimated 70,000 tons of technical chlordane were produced from 1946 until1988 (Dearth 
and Hites 1991). As for DDT, the primary sources of chlordane to the Bay are probably 
continuing transport of soils and sediments from urban and agricultural sites of historic 
use and remobilization of residues from Bay sediments. For the San Francisco Estuary, 
chlordanes are on the 303(d) list of contaminants that impair water quality and must be 
managed to reduce loading (SFRWQCB 2001). 

Chlordane data are usually expressed as the sum of several of the most abundant 
and persistent components and metabolites of the technical chlordane mixture. Chlor­
dane is neurotoxic and is classified by U.S. EPA as a probable human carcinogen (U.S. 
EPA 2000). Like PCBs and DDT, chlordane compounds are very persistent in the environ-

Figure 17. 
Total DOTs (ng/g wet) 
versus length (em) and 
ltptds (%) tn selected 
fish spectes. Data taken 
from 1994 (ctrcles), 
1997 (squares) and 
2000 (trtangles). a) 
Length versus DOTs tn 
shtner surfperch. b) 
Ltptds versus DOTs tn 
shtner surfperch. c) 
Length versus DOTs tn 
whtte croaker. d) Ltptds 

' versus DOTs tn whtte 
croaker. 
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Figure 18. 
Long-term 
patterns 1n wh1te 
sturgeon total 
DDT 
concentrations 
(ng/g). Each data 
point represents 
a compos1te 
sample of 2 to 6 
sturgeon. 
Honzontal bar 
represents 
screening value 
( 100 ng/g). Data 
were obtamed 
from the Toxic 
Substances 
Monitoring 
Program (1986 
through 1992) 
and the Reg1onal 
Monitoring 
Program (1994 
through 2000). a) 
Wet we1ght DDT 
concentration 
(ng/g). b) L1p1d 
weight DDT 
concentration 
(ng/g lipid 
t1ssue). 
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ment, 'resistant to metab~lism, have 
a strong affinity for lipid, and 
biomagnify m aquatic food webs 
(Suedel et al. 1994). 

Ana!_ytical considerations 

20000 

Nine chlordane compounds 
(components of the technical mix­
ture and metabolites) were ana­
lyzed. Five of these compounds 
were summed to derive "sum of 
chlordanes": cis-chlordane, trans­
chlordane; cis-nonachlor, trans­
.nonachlor, and oxychlordane.-The 
screening value for chlordanes (30 
ng/ g wet) applies to this sum. The 
four remaining chlordane com­
pounds (heptachlor, heptachlor 
epoxide, cis-chlordene, and trans­
chlordene) were not detected many 
sample. Detectable chlordane 
compounds were present in 63 of the 
80 samples analyzed. Detection 
limits for the chlordanes of interest 
were 1 to 2 ng/g wet (Appendix 
Table 1c). 
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Year number of non-detects (17 of 80 
samples analyzed), nonparametric 
methods were used for s~atistical 

analysis of spatial variation in chlordane concentration. Specifically, the Median and­
Wilcoxon procedures, both based on simple linear rank statistics, were used. When data 
from 1994 through 2000 were combined, the proportion of non-detects was lower (19 of 
~ 98 samples analyzed), which facilitated normal approximation to the degree required 
for parametric analysis of variance (Sokal and Rohlf 1995). For analysis of interannual 
variation, chlordane data were square root transformed to approximate normal distribu­
tion. 

As w1th PCBs and DOTs, few data were collected on chlordane concentrations in 
fish in San Francisco Bay prior to 1994. The Toxic Substances Monitoring Program 
(TSMP) analyzed the same fish as for PCBs and summed chlordanes in the same fashion 
as the RMP (refer to the PCBs analytical considerations section for descriptions of these 
samples) (Rasmussen and Blethrow 1991; Rasmussen 1993, 1995). 

Data distribution and summary statistics 
Sum of chlordanes concentrations were highest in white croaker, with a median 

concentration of 9.4 ng/ g wet (Table 2, Figure 19). Shiner stirfperch had the second 
highest median concentration (8.1 ng/g wet). The other species sampled had median 
concentrations of 1.3 ng/ g wet or less. Leopard shark and Califorrua halibut had the 
lowest concentrations; for both species, the median concentrations were below detection. 
None of the 80 samples exhibited sum of chlordane concentrations above the 30 ng/ g 
screening value. 
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Controlling factors 
Sum of chlordanes concentrations in the seven species sampled were significantly 

correlated (R2 = 0.33, p < 0.0001) with lipid content (Figure 10c). As observed for the other 
trace organics, the fish species With the highest lipid content in their muscle tissue had 
the highest chlordane concentrations. The lower correlations observed for chlordanes 
when compared to other contaminants may derive from the fact that chlordane concen­
trations were relatively close to detection limits, leading to reduced accuracy and preci­
siOn. 

Spatial patterns 
Chlordane patterns were generally similar to those for mercury and PCBs but were 

not statistically significant using Bonferroni protection combined with nonparametric 
methods. Usmg the Wilcoxon scores (Kruskal-Wallis test), the uncorrected p values for 
significance of spatial pattern were 0.03 for jacksmelt and 0.013 for surfperch. As ob­
served for PCBs, concentrations in Jacksmelt and shiner surfperch tended to be higher at 
South Bay, San Leandro Bay, and Oakland Harbor and relatively low at San Francisco 
Waterfront and Berkeley (Table 4; Figure 20). Chlordanes in San Leandro Bay were 12 
times those in San Francisco Waterfront for shiner surfperch (though still below the 
screening value). 

Temporal trends 
In 2000, wlute croaker 

exhibited marginally signifi-
cant seasonal variation in - 35 1: 
chlordane concentrations Cl 

(ANOVA R2 = 0.61; p = 0.048). ~ 30 
As with PCBs, concentrations Q) 

were relatively low in spring ~ 25 I 

(mean = 4.2 ng/ g), as com- .!21 
Cl • 

pared to other samplmg s 20 
(/) • • seasons (mean= 13.1 ng/g; Q) 
c 
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Unlike the other con-
tarninants, sum of chlordanes exlubited a decrease in concentrations among the three 
years sampled since 1994. A statistically significant pattern was observed for striped bass 
(R2 = 0.73; p < 0.0001) and white croaker (R2 = 0.26; p = 0.0005). Leopard shark also 
exhibited a downward trend (R2 = 0.49; p = 0.0043). For all three species, 2000 was 
significantly lower than 1994 and 1997 (Figure 21). Striped bass also exhibited a signifi­
cant decline from 1994 to 1997. Median concentrations in white croaker did increase from 
1994 to 1997, but this change was not significant (Figure 21d). Only shmer surfperch did 
not exhibit significant vanation among years (R2 = 0.12; p = 0.08). 

Figure 19. 
Chlordane 
concentrations 
m Bay fish, 
expressed as 
sum of 5 
chlordanes (ng/ 
g wet), 
summer 2000. 
Po1nts are 
concentrations 
m each 
composite 
sample 
analyzed. Bars 
1nd1cate med1an 
concentrations. 
Honzontal line 
1nd1cates 
screenmg value 
(30 ng/g wet). 
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Figure 20. Chlordane 
concentrations 1n each 
sampling locat1on, 
expressed as sum of 5 
chlordanes (ng/g wet), 
summer, 2000. 
Tnangles are 
concentrations in each 
sample analyzed. Pomts 
at zero mdicate results 
below detect1on lim1ts. 
Wh1te sturgeon data not 
mcluded. Note 
differences 1n scale. 
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When white sturgeon chlordane concentrations were compared between the TSMP 
(1986 through 1992) and the BPTCP /RMP data (1994 through 2000}, a clear decline in 
concentrations was not evident (Figure 22a). However, for these fish, chlordane concen­
trations were significantly related to percent lipid (linear regression of log transformed 
data; n = 13; R2 = 0.53; p = 0.0033). When the residuals of the log chlordane versus log 
lipid relationship were plotted, a general declining trend became apparent (Figure 22b). 
Although this data set is limited in sample size, the pattern suggests that when chlordane 
concentrations are corrected for tissue lipid content, concentrations have been declining 
in sturgeon since the mid-1980s. 

If chlordane concentrations in fish are indeed decreasing, this may be a result of the 
recent use history of this suite of compounds. The use of chlordanes in the United States 
was not eliminated until1988. In fact, overall use in California exhibited a dramatic 
increase in 1986 and 1987 (when compared to the previous decade), followed by an 
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abrupt decline in 1988 (Shigenaka 1990). In contrast, PCB use was banned by 1979 and 
most mercury use ended before the 20th century. In general, after a suite of compounds is 
banned, contamination in fish and wildlife exhibits an initial rapid decline followed by a 
much more gradual decrease (Risebrough 1995; Schmitt and Bunck 1995; Stow et al. 
1999). We found a decreasing trend in chlordanes in three of four fish species after only 
three sampling periods. A separate study of starry flounder and white croaker generally 
did not observe declining liver hssue chlordane concentrations in the 1980s (Stehr et al. 
1997). The observation of declines in the 1990s (Figure 21, 22b) but not the 1980s (Stehr et 
al. 1997) may indicate that chlordanes entered a raptdly declining phase shortly after use 
curtailrnenhn the late 1980s. PCBs and mercury, in contrast, are not likely to still be in a 
raptdly declining phase (Rtsebrough 1995). Literature also suggests that, when compared 
to PCBs, chlordanes have lugher water solubility, creating the potential for volatilization, 
and higher degradation rates (Howard 1991; Mack.ay et al. 1992). The relative importance 
of degradahon, volatilization, and source reduction could be compared by mass balance 
modeling of chlordane fate in the Estuary (Davis 2002). Of course, continued monitoring 
will be required to ascertain whether current declines are indicative of long-term trends. 

Dieldrin 

Introduction 
Dieldrin is an organochlorine insecticide that was widely used in the U.S. from 1950 

to 1974, prirnanly on termites and other soil-dwelling insects, as a wood preservahve, in 
moth-proofing clothing and carpets, and on cotton, corn, and citrus crops (U.S. EPA 
2000). Restrictions on dteldrin use began in 1974. Most uses in the U.S. were banned in 

Figure 21. Change m 
chlordanes (ng/g wet) 
over consecutive RMP 
sampling penods. Pomts 
are concentrations m 
each sample analyzed . 
Bars indicate med1an 
concentrations. 
Honzontal lme equals 
screening value (30 ng/ 
g). Cap1tal letters 
md1cate stat1st1cally 
s1gn1ficant difference m 
years by ANOVA (p < 
0.05; Bonferron1 
corrected for multiple 
compar1sons). a) 
Leopard shark. b) 
Stnped bass. c) Shmer 
surfperch. d) White 
croaker. 
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Figure 22. 
Long-term 
patterns m wh1te 
sturgeon 
chlordane 
concentrations 
(sum of 5 
chlordanes). Each 
data pomt 
represents a 
compos1te sample 
of 2 to 6 sturgeon. 
Data were 
obtamed from the 
Tox1c Substances 
Momtonng 
Program (1986 
through 1992) and 
the Reg1onal 
Momtonng 
Program (1994 
through 2000). a) 
Wet we1ght 
chlordane 
concentrations 
(ng/g). Honzontal 
bar represents 
screenmg value 
(30 ng/g). b) 
L1p1d-corrected 
chlordane 
concentrations. 
The y-aXIS IS the 
residual variation 
m chlordane 
concentrations 
from a chlordane 
versus t1ssue l1p1d 
regression. 
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termite control contmued until 
voluntarily canceled by industry in 
1987 (U.S. EPA2000). 

<J) .s 30 Unlike the other trace organic 
contaminants discussed in this 
report, which represent groups of 
cherrucals, dieldrin is a single 
chemical. Dieldrin is neurotoxic and 
is also classified by U.S. EPA as a 
probable human carcinogen (U.S. 
EPA 2000).1t is on the 303(d) list of 
contarrunants that impair water 
quality of the San Francisco Estuary 
(SFRWQCB 2001). Similar to the 
other organochlonnes described, 
dieldrin IS very persistent in the 
environment, resistant to metabo­
lism, has a strong affinity for lipid, 
and readily accumulates in aquatic 
food webs. 
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Ana!,ytical considerations 
Detectable dieldrin was only 

present m 15 of the 80 samples 
analyzed (19%). The detection limit 
for dieldrin was 2 ng/g wet, which 
is equivalent to the screening value. 
Dieldrin concentrations in the fish 

speoes sampled were below or close to the detection limit, and consequently the preci­
Sion of these measurements IS lower than for the other organics discussed in this report. 
Because the dieldrin results were mostly below detectiOn limits, data were evaluated 
usmg graphical analysis only. 

Data distribution and summary statistics 
For dieldrin, the detection limit and screening value are equal (2 ng/g). Although 

most fish samples were below the detection limit for dieldrin, white croaker appeared to 
have the highest concentrations (Figure 23). When the seasonal study was included, 12 of 
the 24 white croaker samples were above the detection limit and screening value (Table 

_ 3). Shiner surfperch occasionally exhibited detectable concentrations but the majority of 
samples (15 of 18) were below detection, and therefore below the screening value. All 
samples from all other species were below detection . 

Controlling factors 
Because the majority of samples were below detection for dieldrin, it is difficult to 

evaluate controlling factors. Nevertheless, the only species exhibiting concentrations 
above detection were shiner surfperch and white croaker. The speoes have the highest 
average lipid content of all species analyzed. Therefore, as observed for the other trace 
organics, the fish species with the highest lipid content in their muscle tissue had the 
highest dieldrin concentrations. 
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Spatial patterns 
Distinct spatial patterns were observed for dieldrin in that only certain sites exhib­

tted concentrations above the detection limit. For white croaker, all three summer 
samples exceeded the detection limit in Oakland Harbor (median concentration of 2.3 
ng/ g) and two of three samples exceeded the detection hmit in South Bay Bridges (both 
at 2.3 ng/g). For shiner surfperch, all three San Leandro Bay samples exceeded the 
detection limit (median concentration of 2.4 ng/g). 

Tempor~l trends 
For dteldrm, temporal trend evaluation was hampered by the higher detection 

limits in 2000 than in previous years. For all species excepting croaker, concentrations in 
1997 were below present detection limits, precluding comparison among years. Wet 
weight concentrations of dteldrin in white croaker were lower in 2000 (median below the 
detection hmit of 2 ng/g) then in 1997 (median= 4.5 ng/g) or 1994 (median= 2.6 ng/g). 
Croaker lipid content was not significantly different between 1994 and 2000, suggesting 
that the decline in 2000 does not derive from changes m tissue lipid content. In a NOAA 
study, starry flounder and whtte croaker exhibited declining dieldrin concentrations from 
1984 to 1991 at three distinct Bay locations (Stehr et al. 1997), supporting the hypothesis 
that dieldrin concentrations in fish declined in recent decades. 

PBDEs 
Introduction 
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Polybrominated dtphenyl ethers 
(PBDEs) are used as flame retardants 
in plastics, textile coatings, and 
polyurethane foams (Oros and David 
2002). Although their use is restricted 
in Europe, they are not regulated in . 
the United States and are very actively 
used. Therefore, they are commonly 
released into the natural envrronment 
via pathways including municipal 
waste dtsposal, incineration, leaching, 
and volatilization. PBDEs are stmilar 
in their chemical properties to PCBs. 
Like PCBs, they are hydrophobic and 
lipophilic, they tend to bioaccumulate 
in tissue, and they biomagnify in the 
food web (Damerud et al. 2001). 
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PBDEs constitute a potential environmental threat because they are not regulated in 
the United States, they occur at elevated and increasing levels in environmental samples, 
and they may be toxic to humans and wildlife. The concentrations of PBDEs in European 
sediments and biota have increased since the early 1970s (Damerud et al. 2001). A recent 
Virgtnia study found concentrations in carp to be the highest edible fish tissue concentra­
tions ever reported (Hale et al. 2001). Their presence has also been documented in the San 
Francisco Estuary. Tetrabromo diphenyl ether, pentabromo diphenyl ether, and 
hexabromo diphenyl ether have all been identified in Estuary water samples collected in 
1993 or 1994 (Oros and David 2002). Furthermore, concentrations are elevated in harbor 
seal blubber and m breast tissue of Bay Area women (She et al. 2002), indicating signifi­
cant bioaccumulation, bwmagnification, and human exposure in this region. Because of 
the potenhal health hazard and environmental threat posed by PBDEs, the San Francisco 
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Figure 23. 
01eldnn 
concentrations 
m Bay fish 
(ng/g wet), 
summer 
2000. Pomts 
are 
concentrations 
m each 
compos1te 
sample 
analyzed. 
Dotted line 
md1cates 
screemng 
value and also 
detection hm1t 
(2 ng/g wet) 
Note that the 
ma]onty of 
samples are 
below 
detection 
limitS (NO). 
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Bay Regional Water Quality Control Board has recently added them to a 303(d) watch list 
of contaminants that may be causing impairment of the Estuary (SFRWQCB 2001). ' 

Research on the toxicological properties of PBDEs has been limited. Nevertheless, 
some evidence suggests that PBDEs have adverse impact on arumals. At high exposure 
levels, adult animals exhibit increased development of cancerous tumors. Additionally, 
PBDEs may negatively impact fetal development. Developmental consequences of fetal 
exposure in laboratory animals include neurological effects, effects on thyrmd develop­
ment, and impacts on adult behavior (Darnerud et al. 2001; de Wit 2002). U.S. EPA has 
not developed screening values·for PBDEs. 

In the 2000 fish samples, polybrominated diphenyl ethers were discovered as large 
peaks m the electron capture detection gas chromatography results. Their analysis was 
not planned for the 2000 fish monitoring program, but their subsequent discovery and 
identification m the chromatographs, combined with their potential to produce adverse 
effects, prompted 'their inclusion in this report. Their incluswn is part of a broader effort 
to mitiate surveillance monitormg of contaminants that are not currently regulated but 
are present in the Bay and may have adverse effects (Oros and Taberski 2002). The 
compounds analyzed in fish tissue are BDE 47 (2,2',4,4'-tetrabromo diphenyl ether), BDE 
99 (2,2',4,4'5-pentabromo diphenyl ether), and BDE 153 (2,2',4,4'5,5'-hexabromo diphenyl 
ether). These three PBDEs are more bioaccumulative than more highly brominated 
compounds (Andersson and Blornkvist 1981; Darnerud et al. 2001) and are major con­
stituents of commercial flame retardants. They were selected for monitoring because 
examination of chromatogram peaks identified them in the fish samples. 

Ana~tical Considerations 
Three PBDE compounds were identified and analyzed in fish tissues: BDE 47, BDE 

99, and BDE 153. The sum of these three was taken and reported as sum of PBDEs As for 
PCBs and pesticides, these PBDE analyses were conducted using electron capture detec­
tion gas chromatography (ECD-GC) and analysis. All PBDE values are reported as 
estimated results because they weren't originally'included in the monitoring plan, and 
therr discovery in the fish samples was unanticipated, causing many of the analytical 
procedures to be non-standard. 

Several factors warrant reporting the PBDE results as estimated values. First of all, 
the standards were analyzed several weeks after the samples. Secondly, sample extracts 
were not diluted and reanalyzed if they were outside of the calibration range. Third, the 
lab that reported these data (Water Pollution Control Laboratory, CDFG, Rancho 
Cordova) had not performed method validation or matrix fortifications studies prior to 
these analyses. Finally, comparison of results with another lab raised into question their 
reliability. Of the 80 samples analyzed for PBDEs, 15 were also separately analyzed at the 
Hazardous Materials Laboratory, Cal/EPA, (HML) using gas chromatography coupled 
with mass spectroscopy. The results we report were generally 1.3 to 3.0 times the results 
determined by HML. The major source of discrepancy was BDE 47, for which the re­
ported concentration was 2 through 10 times the concentration determined by HML. BDE 
99 and BDE 153 were more comparable. In response to the discrepancy for BDE 47, the 
Water Pollution Control Laboratory performed a sample-standard coinJection, which 
mdicated that coelution did not appear to be occurring. They also reanalyzed three of the 
original samples for BDE 47 using GC-MS. The relative percent deviation between the 
original ECD-GC and the new GC-MS results was small (8%), suggesting that the ECD­
GC successfully quantified this compound. 

We present and analyze the PBDE data despite the fact that they are only semi­
quantitative because of the significance of finding these compounds in Bay fish. Never­
theless, we strongly advise agamst treating these data as quantitative beyond the rudi­
mentary summary that follows. The RMP 2003 fish data will include analysis of PBDEs 
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usillg methodologies appropriate to generate quantitative data. Currently, there are no 
screening values with which to compare PBDJ: tissue concentrations. 

Data distribution and summary statistics 

Sum of PBDEs concentrations were highest in white croaker, with a median concen­
tration of 27 ng/g wet, and shmer surfperch, with a median of 15 ng/g. The concentra­
tions were lowest in leopard shark (1.6 
ng/g), California halibut (3.0 ng/g), and 
white sturgeon (3.2 ng/g). Striped bass 
and jacksmelt exhibited illtermediate 
concentrations (Figure 24; Table 2). 

50.------------------------------, 

Controlling factors 
As with other trace organic contami­

nants analyzed, fish tissue lipid concentra-
. tion was positively related to PBDE 

concentration. Regression analysis indi­
cated a significant correlation (R2 = 0.56; p 
< 0.0001), indicating that fish species 
higher in fat content have greater muscle 
tissue concentrations of the PBDEs ana­
lyzed (Figure lOd) Within species, white 
croaker exhibited a positive relationship 
between sample lipid content and PBDE 
concentration, but other fish species did 
not exhibit consistent relationships (F1gure 
10d). 
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As found ill other studies,. the tetra bromo diphenyl ether (BDE 47) had higher 
concentrations (sample median= 11.6 ng/g) then pentabromo diphenyl ether (BDE 99; 
median= 0.6 ng/g) or hexabromo diphenyl ether (BDE 153; median= 0.2 ng/g). Because 
BDE 47 tends to biomagnify more readily than the more halogenated congeners, it IS 

typically found at relatively high concentrations in fish (Hale et al. 2001, and references 
thereill). 

Comparisons to Other Ecosystems 

In order to compare concentrations to other ecosystems, median lipid weight 
concentrations of BDE 47 were calculated for each fish species. These values were lowest 
for jacksmelt and leopard shark (270 ng/g lipid and 330 ng/g lipid, respectively) and 
highest for white croaker and California halibut (680 and 810 ng/g lipid). The reader is 
reminded that the values in our study are estimated values. Furthermore, fish species 
varied among studies. Therefore, the following comparisons must be viewed as prelimi­
nary. 

Estimated values for BDE 47 in San Francisco Estuary fish were usually higher than 
concentrations in fish from previous marine studies and often higher than concentrations 

·from freshwater studies. Of the 18 !llarine studies summarized in Table 14 of de Wit 
(2002), all but one had lower average concentrations than the concentrations we report 
for jacksmelt. Most of the other studies were at the Baltic Sea and Japan. Estimated 
concentrations of BDE 47 in Estuary jacksmelt were similar to those reported ill freshwa­
ter studies. Jacksmelt median concentrations were higher than 7 of the 13 concentrations 
reported ill de Wit (2002). San Francisco Estuary white croaker had median concentra­
tions higher than 10 of the 13 reported studies. Estimated croaker concentrations were 
also higher than concentrations in lake trout from for U.S. Laurentian Great Lakes 
(Luross et al. 2002). In general, the concentrations we report are higher than reported fish 
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Figure 24. 
Est1mated PBDE 
concentrations zn 
Bay f1sh, 
expressed as sum 
of PBDEs 47, 99, 
and 153 (ng/g 
wet), summer 
2000. Poznts are 
concentrations zn 
each compos1te 
sample analyzed. 
Bars znd1cate 
med1an 
concentrations. 
All concentrations 
are estimated 
values (refer to 
text). 
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concentrations from marine areas and relatively unpopulated freshwater areas and lower 
than freshwater areas in proximity to textile manufacturing plants or other industrial 
point sources (de Wit 2002). 

Dioxin and Dioxin-Like Compounds 

Introduction 
Dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin) is one of the most potent toxic chemi­

cals known. Exposure to toxic concentrations of dioxin causes a variety of responses in 
animals, including developmental abnormalities, embryo mortality, disruption of the 
endocrine system, impairment of the immune system, and cancer promotion (Ahlborg et 
al. 1994; Van den Berget al. 1998). 

Certain other chlorinated orgamc contaminants are structurally similar to dioxin 
and consequently elicit similar toxic responses. These are referred to here as "dioxin-like 
compounds." Dioxin is a member of a large family of compounds known collectively as 
dibenzodioxins, which consist of 75 chemicals (or congeners) with different numbers and 
arrangements of chlorine atoms. Six of the other dibenzodioxin congeners have dioxin­
like potency (Safe 1990). Chlorinated dibenzofurans are another family of compounds 
closely related to dibenzodioxins. Of 135 'possible chlorinated dibenzofuran congeners, 10 
have dioxin-like potency (Safe 1990). As mentioned earlier, some PCB congeners also 
have dioxin-like potency. PCBs 77, 126, and 169 are the most potent, but 9 other conge­
ners also possess some dioxin-like potency and, due to their high concentrations in 
environmental samples, are significant (Ahlborg et al. 1994; Van den Berget al. 1998). 

Dibenzodioxins and dibenzofurans are formed as byproducts m combustion or 
manufacturing processes. The sources of dibenzodioxms and dibenzofurans in the Bay 
Area are mobile sources (cars, trucks, etc.), residential wood combustion, historically 
deposited residues in the environment, sewage treatment plants, and industrial dis­
charges (Gervason and Tang 1998). Dibenzodioxins and dibenzofurans released to the 
atmosphere can deposit on land surfaces in the watershed and be transported to the Bay 
in storm runoff, or can deposit directly on the Bay surface. In contrast, as described 
earlier, PCBs, including the congeners with dioxin-like potency, were intentionally 
manufactured for a wide variety of applications, and have different sources and a differ­
ent distribution in the watershed. 

Dioxin-like compounds have a common mechanism of action based on bindmg to a 
specific cellular receptor. Given this common mechanism of action, it is possible to 
express the combined potency of complex mixtures of dibenzodioxins, dibenzofurans, 
PCBs, and other compounds as toxic equivalents (TEQs). In this approach, the relative 
toxicity of a dioxin-like compound compared to dioxin (toxic equivalency factor, or TEF) 
is applied to a measured concentrahon of the chemical to calculate a dioxin TEQ. For 
example, PCB 126 is one-tenth as potent as dioxin and has a TEF of 0.1. If a sample 
contains 50 pg/ g wet of PCB 126, the dioxin TEQ attributable to PCB 126m that sample 
is 5 pg/ g wet. Dioxin TEQs for measured dioxin-like compounds with established TEFs 
can be added to calculate the total dioxin TEQs m a sample. TEQs can be estimated for 
different groups of dioxin-hke compounds. The groups considered in this report and 
their abbreviations are defined in Table 5. 

Like PCBs, dibenzodioxins and dibenzofurans are resistant to metabolism and have 
a high affinity for lipid. In aquatic environments dibenzodioxins, dibenzofurans, and 
PCBs reach higher concentrations with increasing trophic level. Consequently, predatory 
fish, buds, and mammals (includmg humans that consume fish) at the top of the aquatic 
food web are particularly vulnerable to the effects of contarmnahon due to dioxin-like 
compounds. 

A key to all of the abbreviations used in this section is provided in Table 5. 
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Ana~ical considerations 
Concentrations of many of the dioxin-like compounds analyzed were usually below 

limits of detection, and this affected the overall precision of the dataset. Frequencies of 
detechon for the dibenzodioxins, dibenzofurans, and PCBs 77, 126, and 169 varied 
between the 2000 data and prior datasets (Table 6). Frequencies of detection for three of 
the four compounds that contribute most to TEQs (2,3,7,8-TCOO, 1,2,3,7,8-PCOO, and 
2,3,4,7,8-PCOF) were reduced compared to 1997. This likely results from the greater 
number of analyses of striped bass samples, which are relatively low in dioxins. Fre­
quency of detection and quantitation was generally improved for the least abundant 
compounds, reflecting lower detection limits than prior years. Of the 34 samples and 
three duplicates submitted for analysis, two samples and one duplicate (C005504, 
C005102, and Q000023) provided unusable results due to matrix interference and poor 
chromatographic separation. Thus 32 of 34 samples were used m our presentation of 
results. 

Although we present individual compound concentrations in Appendix Table 2e, 
the majority of values are eshmates, designated by an "e" adJacent to the sample value. 
The lab reported these samples as estimates either because the sample value was below 
the quantification limit or because matrix interference was present. The quantification 
limit is defined as 10 times the standard deviation of the reported background noise in 
the blanks. Matrix interferences, when present, were observed in the quantitation ion or 
the confirmation ion. For the less toxic or less abundant dioxin-like compounds, a signifi­
cant number of values were very close to the detection limits, having measured concen­
trahons less than three times the concentrations m the blanks. These values are desig­
nated by a "B" next of the sample value, mdicating the potential for low precision or 
blank contammahon (Appendix Table 2e). PrecisiOn and accuracy were generally ad­
equate for all compounds exhibiting detectable residues (Appendix Table 1d). An excep­
tion was 1,2,3,4,6,7,8,9 OCOO, which exhibited blank contamination, poor accuracy, and 
poor precision. We also present results from 3 lab duplicates analyses in Appendix Table 
2e, for readers who would like to see analytical precision raw data. Note that these lab 
duplicates were not used in characterizing median dioxin concentrations. 

Of the most toxic or most abundant dioxin-like compounds (i.e., those that contrib­
uted most to the TEQs; shown in Figure 26), qualifiers were relatively rare for 2,3,7,8-
TCOF and 2,3,4,7,8-PCOF. These two furans, m addition to 1,2,3,7,8-PCOO, generally had 
measured values 10 hmes or greater the blank values (Appendix Table 1d). This fact 
combined with high quality of duplicate analyses and standard reference material results 
indicates that their measured values are reasonably accurate. Median 2,3,7,8-TCOO 
concentrations were close to blank concentrations (Appendix Table 1d), which, combined 
with the high frequency of estimated values, suggests caution in interpreting the concen­
tration of this compound. For 1,2,3,7,8-PCOO, the majority of samples are estimated 
values due to matrix interferences, indicating that the value presented reflect the upper 
limit of the concentration that could be in the sample. In short, due to the extreme 
difficulty in analyzing dioxin-like compounds at pg/g concentrations, the results in this 
section and our interpretations should be considered best available estimates, rather than 
precise indicators of contaminant concentrations in Bay sport fish. 

Concentrahons of dioxin-like compounds in the striped bass and jacksmelt samples 
were approaching the limits of detection. In this situation, the handling of results re­
ported as below detection limits (NO) can strongly influence the magnitude of calculated 
TEQs. The three commonly used alternatives for handling NO values m environmental 
samples are to substitute 1) the detechon limit, 2) half the detection limit (the method 
used in this report), or 3) zero. These different methods would lead to median values of 
0.25, 0.22, and 0.16 pg/g TEQ, respectively, in the striped bass samples, and values of 
0.27, 0.20, and 0.13 in the jacksmelt sample. For white croaker and shiner surfperch, 
handling of NO values had an insignificant effect (causing vanation of approximately 
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1 %) on the TEQs be.cause the most important compounds were usually detected. Unless 
otherwise noted, TEQ data in this report were calculated using NO values set to half the 
limit of detection. 

Table s. Abbrevratrons used rn reference to droxrn-lrke compounds. 

TCDD tetrachlorodrbenzodroxrns 
PCDD oentachlorodrbenzodroxrns 
HxCDD hexachlorodrbenzodroxins 
HoCDD heotachlorodrbenzodroxrns 
OCDD octachlorodrbenzodroxrns 
TCDF tetrachlorodrbenzofurans 
PCDF pentachlorodrbenzofurans 
HxCDF hexachlorodibenzofurans 
HpCDF heotachlorodibenzofurans 
OCDF octachlorodrbenzofurans 
TEO droxrn toxrc equrvalent due to drbenzodioxrns and drbenzofurans 

(generrc term) 
TEF droxrn toxrc equrvalency_factor (used to calculate TEOs) 
TEO-WHO droxrn toxrc equrvalent established Q¥_ WHO(Van den Bera et al 1998) 
ITEOs lnternatronal droxrn toxrc equrvalent (Ahlberg et al 1994) used rn 

prevrous AMP and BPTCP reports (Farrey et al 1997; Davrs et al 
1999b) 

PCB TEOs droxrn toxrc equivalents due to all measured droxin-lrke PCBs (77, 105, 
114 118, 126 156, 157 169 and 189) 

PCB TEOs (3 PCBs) droxrn toxrc eaurvalents due to PCBs 77, 126, and 169 
Total TEOs droxrn toxrc equrvalents due to drbenzodroxrns, drbenzofurans, and all 

measured dioxrn-lrke PCBs 

Table 6. Frequencres of detectron and quantrtatron for the benzodroxrns, drbenzofurans, 
and PCBs 77, 126, and 169 in the RMP fish samplrng years. TEF values from Van den 
Berget al. (1998). 

Frequency of Detection Frequency of 
(%) Quantitation %) 

TEF Analyte 1994 1997 2000 1994 1997 2000 
1 2,3,7,8-TCDD 53 80 63 5 50 39 
1 1,2,3,7,8-PCDD 0 80 66 0 70 51 

0.1 1,2,3,4,7,8-HxCDD 11 0 32 0 0 0 
0 1 1,2,3,6,7,8-HxCDD 16 70 51 0 0 32 
0 1 1,2,3, 7,8,9-HxCDD 0 0 22 0 0 2 

0.01 1,2,3,4,6,7,8-HpCDD 11 50 59 0 0 12 
0.0001 1,2,3,4,6,7,8,9-0CDD 53 70 93 26 20 49 

0.1 2,3,7,8-TCDF 84 100 93 63 100 83 
0 05 1,2,3,7,8-PCDF 58 70 66 11 60 49 
05 2,3,4, 7 ,8-PCDF 53 100 78 21 80 73 
0.1 1,2,3,4,7,8-HxCDF 89 10 27 53 0 2 
0 1 1,2,3,6,7,8-HxCDF 58 0 24 42 0 2 
0.1 1,2,3,7,8,9-HxCDF 0 0 10 0 0 0 
0.1 2,3,4,6, 7 ,8-HxCDF 5 0 22 0 0 2 

0.01 1,2,3,4,6,7,8-HpCDF 63 0 27 42 0 10 
0 01 1,2,3,4,7,8,9-HpCDF 42 0 10 16 0 0 

0 0001 1,2,3,4,6, 7,8,9-0CDF 47 0 20 26 0 7 
0 0001 PCB-77 100 100 93 100 100 93 

0.1 PCB-126 100 100 93 100 100 93 
0 01 PCB-169 68 100 73 58 100 71 
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This report employs two methods of calculating TEQs. For evaluation of current 
status, this report uses the human exposure TEFs for dioxins and dioxin-like compounds 
that were adopted by the World Health Organization (WHO) in 1998 (Van den Berg et al. 
1998), identifying the resulting TEQs as "TEQ-WHO." Note that all abbreviations used in 
this section are presented in Table 5. In order to consistently compare present dioxin toxic 
equivalents with prior toxic equivalents, we also calculated them using the International 
Toxic Eqmvalents (ITEQ) method of Ahlborg et al. (1994) (Table 5). We used the ITEQ 
method in all of the among-year compansons. Current status, spatial comparisons, and 
screening value comparisons were conducted usmg the TEQ-WHO method (Van den 
Berget al. 1998). The most significant difference in the new TEFs, which causes an 
increase compared to corresponding values used in previous reports (Ahlborg et al. 1994; 
Fairey et al. 1997; Davis et al. 1999b), is an increase in TEF for 1,2,3,7,8 PCDD from 0.5 to 
1. Note that in line With the recommendations of OEHHA (Brodberg and Pollock 1999), 
we also used a higher screening value (0.3 pg/ g) than was used in the prior report 

PCBs 77, 126, and 169 were measured in the same samples analyzed for 
dibenzodwxins and dibenzofurans. Dioxm toxic equivalents due to these three PCBs are 
reported as "PCB TEQs (3 PCBs)" (Table 5). PCB congeners, including most of the other 
dioxin-like PCBs, were measured using a different, less expensive method (electron 
capture detection gas chromatography, rather than GC-MS), and were consequently 
analyzed in more samples (a total of 72 samples) than dibenzodioxins, dibenzofurans, 
and PCBs 77, 126, and 169. PCBs 105, 114, 118, 156, 157, and 189 were analyzed using this 
method. Dwxm toxic equivalents due to all nme dioxin-like PCBs are reported as "PCB 
TEQs" (Table 5). For jacksmelt, the, average PCB concentration of the three samples 
composited for dioxins analysis was used to estimate PCB TEQs. The two datasets were 
combined to evaluate the contribution of all measured dioxin-like PCBs to total TEQs in 
the 32 fish samples (Table 5). 

For the dioxin-like compounds, the small sample size for certain years precluded 
confirmation of normal distributions within years. Therefore, comparisons among years 
were conducted for white croaker and jacksmelt usmg a nonparametrk ANOVA (the 
Kruskal-Wallis test of Wilcoxon scores). Square root transformation successfully approxi­
mated normal distribution for fish captured in 2000. Therefore, spatial comparisons were 
conducted using ANOVA on square root transformed data. In order to gain an under­
standing of potentially significant patterns despite the small sample size of dioxins 
analyses, interpretations of statistical significance of spatial patterns in the dwxins data 
are presented without Bonferroni correction for multiple comparisons. It should be noted 
that none of the spa hal patterns described in the dioxins section are statistically signifi­
cant after Bonferroni correction. 

Dioxin Toxic EQuivalents (TEQ-WHO) 
Dibenzodioxins and dibenzofurans were measured in striped bass, white croaker, 

shiner surfperch, and jacksmelt. White croaker and shiner surfperch exhibited the highest 
median TEQ-WHO, wHh 1.6 pg/g wet weight and 1.4 pg/g, respectively (Table 2, Figure 
25). Concentrahons were much lower in striped bass samples (median concentration of 
0.2 pg/ g) and in the single jacksmelt sample (0.2 pg/ g; Figure 25). Screening value 
exceedances were highly species specific. All white croaker and shiner surfperch samples 
were above the screening value of 0.3 pg/ g wet weight. In contrast, the jacksmelt sample 
and striped bass samples were below the screening value (Table 3). 

As in 1997, four dioxin-like compounds accounted for the majority of the TEQ­
WHO in the 32 fish samples (94%; Figure 26). The largest contributors to TEQ-WHO were 
the dibenzofurans. In particular, 2,3,4,7,8-PCDF accounted for 36% of the total TEQ­
WHO, due to a combination of relatively high potency and moderately high concentra­
tions. 2,3,7,8-TCDF accounted for an additional22% of TEQ-WHO. In combination, 
dibenzodioxin congeners 2,3,7,8-TCDD and 1,2,3,7,8-PCDD accounted for 36% of TEQ­
WHO. 
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Figure 25. 
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PCB TEQS and Totai'TEQs 
Total TEQs in the samples varied in a similar fashion as TEQ-WHO, with median 

concentrations higher in white croaker (6.7 pg/g wet) and shiner surfperch (6.4 pg/g 
wet) than in striped bass (1.2 pg/g) and Jacksmelt (2.5 pg/g). The maximum total TEQ 
was for a shiner surfperch sample captured in Oakland (17 pg/g; Appendix Table 2e). 
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The relative contributions of 
dibenzodioxins, dibenzofurans, 
and PCBs to total TEQs (Figure 
27) were similar to 1997 
samples, with PCBs accountmg 
for the majority (81 %) of the 
total TEQs. PCB 126, the most 
toxic dioxin-like PCB, alone 
accounted for an average of 49% 
of total TEQs. Dibenzofurans 
and dibenzodioxins accounted 
for 12% and 7%, respectively, of 
total TEQs. Dioxin-like PCBs 
accounted for most of the 
overall dioxin-like potency in 
these fish samples. 

Controlling Factors 
Lipophilic contarrunants 

such as the dibenzodioxins, 
dibenzofurans, and PCBs 
accumulate in biota in propor­

tion to the amount of lipid, or fat, in their tissues. However, the strength of the lipid­
contaminant relationship may vary among animal species as a function of other factors 
such as the dietary variation, reproductive status, spabal heterogeneity m contammant 
distribution, and age (Stow et al. 1997; Lamon and Stow 1999). As observed for PCBs, 
chlordanes, DOTs, and PBDEs (Figure 10), concentrations of dioxins were related to tissue 
lipid concentrations. In the present study, when we examined all species, percent lipids 
was significantly positively correlated to TEQ-WHO (R2 = 0.34; p < 0.0005; N = 31) 
(Figure 28), indicating a positive relationship with individual dioxin-like compounds. 
Percent lipids were also significantly positively related to 2,3,7,8-TCDF (linear regression 
of log transformed data; R2 = 0.45; p < 0.0001; N = 31), the dioxin-like compound found at 
the highest, and therefore most analytically precise, concentrations in Bay samples 
(Figure 29). However, the strength of the lipid versus TEQ-WHO relationship varied 
among species. White croaker exhibited a positive relationship (R2 = 0.44; p < 0.02; N = 
14) but there was no significant relationship for striped bass (p = 0.88; N = 8). For shiner 
surfperch, the relationship was negative (R2 = 0.76; p = 0.005; N = 8; Figure 28), which 
may result from the fact that the fish captured at Oakland Harbor, which often exhibit 
elevated concentrations of contaminants (Hunt et al. 1998; Davis et al. 2002; this study), 
had relatively low lipid content and high tissue dioxin TEQs. We hypothesize that species 
with extremely small home ranges (shiner surfperch; Greenfield et al. In Review) or low 
tissue lipid content (striped bass) exhibit weak correlations between dioxin TEQs and 
lipid content. For these species, spatial heterogeneity in sediment and water contaminant 
concentrations or individual fish variability in diet and growth rate may obscure the TEQ 
versus lipid correlation. 
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Spatial Patterns 
The capture of multiple samples at 

mulhple sites allowed us to evaluate spatial 
pattern in dioxins for striped bass, shiner 
surfperch, and white croaker. Although only 
two samples were analyzed at each of four 
sites, shiner surfperch did exhibit statisti­

1.23 78-PCD 

cally significant spatial heterogeneity in TEQ-WHO (ANOVA of 

All"""" "' 

''·llrco" 

square root transformed data; R2 = 0.91; p = 0.015). For shiner surfperch, Oakland Harbor 
(mean= 2.5 pg/g) exhibited significantly higher concentrahons than San Francisco 
Waterfront or Berkeley (1.1 and 1.2 pg/ g; Figure 30). As observed with other contami­
nants, striped bass exhibited no evidence of spatial heterogeneity among the 
three sites sampled (p > 0.50; Figure 30). 

Temporal Trends 
When multiple species data were com­

pared between 1994, 1997, and 2000, there was 
no clear indication of an upward or downward 
trend (Figure 31, 32). For shiner surfperch, wet 
weight ITEQs were higher in 2000 than in 1994 (mean of 1 .4 versus 
0.9 pg/g) but this pattern was only marginally significant (p = 0.04), probably owing to 
the fact that only three fish were sampled in 1994. Lipid weight concentrations did not 
vary between 1994 and 2000 for surfperch. For white croaker, wet weight concentrations 
were not significantly different among three years but lipid weight concentrations were 
significantly lower in 1997 (24 pg/g lipid) than in the other two years (33 and 40 pg/g 
lipid; p < 0.01). Thus the previously observed decrease in lipid weight concentrations in 
1997 croaker (Davis et al. 1999b) was offset by an increase in 2000. Striped bass exhibited 
an apparent decrease m wet weight concentrations, but this is an artifact of the consider­
ably reduced detection limits in 2000 than in previous years. Because detection liiDit 
values affect estimated concentrations of non-detect samples, the reduction in detection 
limits in 2000 strongly reduces estimated ITEQ for striped bass, which exhibited frequent 
measured values below detechon limits (Appendix Table 2e). In summary, measured 
concentrations of ITEQ exhibited some temporal vanation, but analytical uncertainty, 
mconsistency of findings among 
species, differences in trends between 

Figure 26. 
Contnbut1ons of 
d1benzod1oxm and 
d1benzofuran congeners 
to TEQ-WHO (mean 
percentages from fish 
samples presented m 
F1gure 25). 

Figure 27. 
Contributions to total 
TEQs from 
d1benzod1oxms, 
d1benzofurans, and 
diOXIn-like PCBs m fish 
samples analyzed for 
both d1oxm-like 
compounds and PCB 
congeners. D1oxm-hke 
PCBs measured mclude 
PCBs 77, 105, 114, 118, 
126, 15~ 15~ 169, and 
189. 

wet versus lipid weight concentra­
tions, and the existence of data from 
only three sampling periods hinder 
definitive conclusions about temporal 
trends in dioxin-like compounds in the 
Bay. 

30.----------------------------------, 

Figure 28. 
Correlation of 
TEQ-WHO (pg/g 
wet) w1th hp1d m 
fish samples, 
2000. FISh 
spec1es 
presented 
mclude wh1te 
croaker (circles), 
shmer surfperch 
(filled triangles), 
stnped bass 
(squares), and 
Jacks melt 
(ups1de down 
tnangle). 

Selenium 

Introduction 
Selenium is a trace element that 

accumulates to concentrahons of 
ecological concern in the Bay food web 
(Davis et al. 1991). The primary 
sources of selenium are runoff from 
areas with seleniferous soils and 
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agricultural dramage from such areas, oil refinery wastewater discharges, and sewage 
treatment plants (Luoma and Presser 2000). Selenium is on the 303d list for several 
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I 
Figure 29. 
Correlation of 
2,3,7,8 TCDF 
(pg/g wet) w1th 
lipid m fish 

I 
samples, 2000. 
F1sh spec1es 
presented as 
Figure 29. 

I 
Note log scale. 

embayments of the Estuary 
(SFBRWQCB 2001) as a result of a 

R2 ;045 consumption advisory for diving 
10 0 p < 0 001 

0 ducks. Ducks that prey on clams 
~ ... - (surf scoter) tend to be particu-;:: ... "'t ... oo 
~ 

0 larly high in selemum (Urquhart 
.eo 0 

ooo <So and Regalado 1991). LL. 0 0 0 0 
c 0 u 0 

Ana!Ytical !-;' 1 
co 0 
....: , ... Sh1nar Surfparch ,.; 00 

Considerations N" 0 
0 White Croaker 

0 
a o o 0 Stnpad Bass 

I 
, Jacksmelt The RMP monitors selenium 

01 
concentrations in white sturgeon 

1 1 0 because this species tends to 

I 
Percent Lipids ' 

accumulate high tissue concentra-
tions of selenium and because 
sturgeon were continuously 

monitored m the Selenium Verification Study from 1986 to 1990 (Wlute et al. 1987, 1988, 

I 
1989; Urquhart and Regalado 1991). The Selenium Verification Study monitored the same 
fish species in similar locations (San Pablo Bay and Suisun Bay) as the RMP. Their reports 
document rigorous quality control with high accuracy (averaging<= 6% RSD) and 

I 
preosion (average RSD of 6.8%), indicating that comparisons to the RMP data set would 
be appropriate (White et al. 1987; Urquhart and Regalado 1991). A small amount of 
sturgeon data also exists from the Toxic Substances Monitoring Program, collected in 

I Figure 30. 
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equ1valent 
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1992 and 1993. In 2000, the RMP 
analyzed 12 sturgeon samples for 
selenium. Each sample consisted of a 
skin-off fillet from an individual fish 
(Appendix 2f). 

For this report, the selenium 
screening value was reduced from 
11.7 f.lg/g (used in the 1994 and 1997 
reports) to 2.0 f.lg I g wet weight. This 
six-fold reduction in screening value 
is based on OEHHA guidance from 
Robert Brodberg (personal communica­
tzon). The two f.lg/g screening value 
is based on human toxicity informa­
tion, and accounts for the fact that 
humans consume additional sele­
nium in other dietary 1terns (Fan et al. 
1988). 

Results 
Two of the 12 white sturgeon 

i 
J 
.!;!} 
Cl 
,g 
0 
w 
1-

25 

20 

1 5 

1 0 

05 

00 

0 '3, ,... 
0 m 
0 m m 
C'\1 

a:; .s::. 
f::? E Q) 

IJI a. 
.:.! 't: 0 ::::J ttl (/) -, .... 

Q) 
c: ..c 

(/) 

0 ""' 
,... 0 ""' 

,... 0 
0 m m 0 m m 0 
0 m m 0 m m 0 
C'\1 C'\1 C'\1 

Cii IJI 
IJI 

.:.! ttl 
ttl co 
I:? "0 (.) Q) 

.2l a. 
.5 ..c (/) 

~ 

samples monitored in 2000, both captured in San Pablo Bay, exceeded the screening 
value. The lughest concentration was 3.2 f.lg/ g wet and the median concentration was 1.4 
f.lg/g wet (Table 7, Appendix Table 2f). The two locations sampled, South Bay and San 
Pablo Bay, both had medtan concentrations of 1.37 f.lg/ g wet. Although seleruum was not 
one of the contaminants that led to development of OEHHA's interim fish advisory, the 
occasional exceedance of the present screening value may be a cause for concern in 
sturgeon. The 1994 BPTCP study found higher concentrations in sturgeon than other 
species, suggesting less cause for concern for other RMP monitored fish species (Fairey et 
al. 1997). 

When sturgeon selenium concentrations are compared from 1986 through 2000, 
there is no evidence of a consistent 
upward or downward trend (Figure 
33). Median concentrations were 
sirhilar in all years with the exception 
of 1990. Most years exlubit exceed­
ances of the 2.0 f!mg/ g screening 
value. The unusually high concentra­
tions in 1990 (median wet weight 
concentration equaling 3.6 f!mg/g) 
were observed to be significantly 
different from prevwus years in the 
Selenium Verification Study 
(Urquhart and Regalado 1991). 

250 ....-------.....------------. 

It is unclear why concentrations 
were elevated m 1990 as compared to 
other years. Several local scientists 
have hypothesized that the invasion 
of Potamocorbula amurenszs bivalves 
into the Estuary is causing increased 
sturgeon selenium concentrations. 
Btvalves are a major dietary compo-
nent of North Bay sturgeon and this 
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Figure 31. 
ITEQ 
concentrations 1n 
Bay fish (pg/g 
wet) m 1994, 
1997 and 2000. 
Pomts are 
concentrations m 
-each compos1te 
sample analyzed. 
Bars 1nd1cate 
med1an 
concentrations. 
For consistency 
among years, 
ITEQs are 
calculated usmg 
the TEFs of 
Ahborg et al. 
(1994) . 

Figure 32. 
L1p1d we1ght ITEQ 
concentrations m 
shmer surfperch 
and wh1te croaker 
(pg/g lipid) In 1994, 
1997 and 2000. 
Pomts are 
concentrations 1n 

each compos1te 
sample analyzed. 
Bars md1cate 
med1an 
concentrations. 
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species exhibits significantly higher concentrations than local bivalve species (Urquhart 
and Regalado 1991; Luoma and Presser 2000). The 1990 increase in sturgeon selenium 
concentrations has been hypothesized to result from increased dietary reliance on 
Potamocorbula, but the TSMP and RMP data indicate that concentrations have notre­
mained as high as they were in 1990. Seleruum loads from local oil refineries in the Bay 
Delta were considerably lower in 1999 than 1986-1992, due to stricterregulation on local 
discharge (Luoma and Presser 2000). It is possible that this reduction in loading has 
caused reduced bioavailability since the 1990 peak. Another major source of selenium is 
agricultural runoff; future management of the San Joaquin River and watershed could 
significantly impact loading of selenium to the San Francisco Estuary (Luoma and 
Presser 2000). Increased loading would hkely lead to mcreased screenmg value exceed­
ances for selenium. 

Contamination in Crabs and Clams 

Introduction 
Crab and clam sampling were performed to help determme whether consumption 

of Bay-caught shellfish is a significant human health concern. To this end, species com­
monly captured for human consumphon Gapanese littleneck clams, Tapes ;apomca, and 
red rock crabs, Cancer productus) were sampled. These species were captured at locations 
where recent crabbing and clamming are known to occur (Figure 2). In addition to the 
contaminants monitored in fish, crabs and clams were sampled for a number of heavy 
metals due to their potentially high bioaccumulation rates (e.g., Brown and Luoma 1995). 
Additionally, due to their relatively low rates of PAH elimination (reviewed in Meador et 
al. 1994), dams were analyzed for PAHs. 

Clams 
Contaminant concentrations m dams were generally similar to or below the lowest 

fish contaminant concentrations (Table 2). None of the dam samples exhibited screenmg 
value exceedances for mercury, DOTs, chlordanes, dieldrin, selenium, cadmium, or PAHs 
(Table 3, Table 7, Appendix 2) (Brodberg and Pollock 1999) For PAHs, the screening 
value companson was calculated using benzo[a]pyrene equivalents, following U.S EPA 
recommendations. Using this method, the "benzo[a]pyrene equivalent" concentration at 
the more contaminated site (0.3 ng/g) was 15 fold less than the scre~ning value for 
recreahonal consumption of sport fish (5.47 ng/g wet; U.S. EPA2000). Although inor­
ganic arsenic was not measured in clams, total arsenic did exceed the screening value of 1 
[lg/g recommended by Brodberg and Pollock (1999), indicating the potential for concern 
due to consumption of this metal (Table 7, Appendix Table 2g). With the exception of 
total arsenic, the current available data suggest that human exposure to contarrunants 
from bivalve consumption would be considerably less than that from consumption of 

Table 7. Concentrations of selemum, arsen1c, cadm1um, and PAH m wh1te sturgeon, clams, 
and crabs. Med1ans are presented for crabs and sturgeon. Because there are only two 
compos1te clam samples, means are presented for clams. PAHs are presented as both sum 
total of all non-alkylated PAHs and as benzo(a)pyrene (B(a)p) equivalents (calculated as 
recommended m U.S. EPA 2000). 

Screemng Value 
White Sturgeon 
Crab Muscle 
Crab Heoatooancreas 
Clams • 
NA -not analysed 
ND = not detected 

Number of 
Samples 
Analvsed 

12 
6 
3 
2 

* mean values of two samples 

Selemum 
(~g/g) 

2 
1 37 
0 81 
1 23 
0 93 

Total lnorgamc 
Arsemc Arsemc 
(ua/al (ua/al 

1 0 028 
NA NA 

3 00 ND 
2.60 0 029 
2 24 NA 

•• one sample was ND and value was set at 5 ng/g {1/2 of detection lun1t) 

Cadm1um PAH PAH B(a)p 
(~g/g) (ng/g) eqUivalents 

·(uq/g) 

1 547 
NA. NA NA 

0 02 NA NA 
716 NA NA 
0 24 106"" 015 
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similar amounts of fish caught in the Estuary. More spatially extensive sampling covering 
a wider range of bivalve species would be required to confirm this interpretation. 

Among the clam sites sampled, mercury and selenium were higher in the South 
Bay-Burlingame site while trace 
organics were higher in the 
Oakland-Fruitvale Bridge site. 
The Burlingame sample had 
concentrations of mercury (0.11 
f!g/g) and selenium (1.3~-Lg/g) 
that were twiCe as high as the 
concentrations in the Oakland 
sample (0.05 and 0.6 ~J.g/ g). 
Burlingame clam concentrations 
of DOTs, PAHs, chlordanes, and 
dieldrin were all below detection 
limits, and PCB concentrations 
were only 5.1 ng/g. In contrast, 
the Oakland sample had detect-
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-- able residues of DOTs (4.2 ng/g) 
and PAHs (206 ng/g), and PCB 
concentrabons were 21 ng/g. 

1986 1988 1990 1992 1994 1996 1998 2000 

Year 

Although clam PCBs were only 
measured as total congeners, the concentration at Oakland was above the total Aroclor 
screening value. 

Although only two clam samples were collected and sampling locations were 
different from fish sampling, the generally low concentrations are consistent with the 
hypothesis that these clams accumulate fewer contaminants than the fish. The short 
lifespan and relatively low trophic position of Japanese littleneck clams may cause low 
contammant concentrations (as compared to fish). 

Crabs 
Contaminant concentrations differed greatly between crab muscle samples and crab 

hepatopancreas samples. For trace organic contaminants, crab muscle had lower concen­
trations than any of the fish sampled (Table 2). Median concentrations of selenium (0.8 
!J.g/ g), inorganic arsenic (not detected; estimated detection limit = 0.002 ~J.g/ g) and 
cadmium (0.018~-Lg/g) in muscle tissue (Appendix Table 2g) were also well below 
screening values (Table 7). The median value for DOTs, chlordanes, dieldrin, and most 
dioxins were all below detection lirruts in muscle tissue. Median mercury concentrations 
were moderately high (0.14 ~J.g/ g) and were greater than median concentrations in 
jacksmelt, shmer surfperch,' and Japanese littleneck clams (Table 2). 

In contrast to muscle tissue, crab hepatopancreas tissue was high in trace organic 
contammants, possibly related to the high percent lipid in this tissue (4.3 %). For ex­
ample, concentrations of DOTs (64 ng/g) and dioxm TEQ-WHO (11 pg/g) were higher in 
hepatopancreas than the median concentrations for any fish species (Table 2). PCB 
concentrations were also elevated (median 109 ng/ g; congener basis). PCBs and also TEQ 
WHO exceeded the screening value (Table 2). Cadmium concentrations (7.16 f!g/g) 
exceeded the 11J.g/g screening value (Table 7). Inorganic arsenic concentrations (median 
concentration 0.029 f!g/g) exceeded the U.S. EPA (2000) screening value of 0.028 f!g/g in 
two of three hepatopancreas samples (Table 7). 

The very high concentrations of most contaminants in crab hepatopancreas tissue 
suggest that people can reduce their dietary exposure to these contaminants by preparing 
and eating crabs using methods that avoid consumption of the hepatopancreas. In 
contrast, the low to moderate contaminant concentrations in crab muscle tissue may 

Figure 33. 
Long-term 
patterns m wh1te 
sturgeon 
selen1um 
concentrations. 
Honzontal l1ne 
represents 
screenmg value 
(2 !!9/g wet). 
Gray bars 
represent med1an 
concentrations. 
Data were 
obtamed from 
the Selemum 
Venficat1on Study 
(1986 through 
1990), the TOXIC 
Substances 
Mon1tonng 
Program (1986 
through 1993) 
and the Reg1onal 
Monitonng 
Program (1994 
through 2000). 
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mdicate that, like Japanese littleneck clams, red rock crabs have relatively low contami­
nant burdens compared to a variety of sport fish. 

Statishcal evaluation of spatial pattern in crab contamination is hampered by the 
very low sample size (two muscle tissue samples at each of three sites). At this time, 
visual examination of the data set suggests the hypothesis that concentrations of some 
contaminants in crabs captured off the Sausalito coast may be lower than for crabs 
collected off the San Francisco Waterfront (Appendix 2 Tables). One of the composite 
muscle samples collectedat Fort Baker (Sausalito coast) had the lowest concentration 
among all six samples for mercury, selenium, and total PC:::Bs. Additionally, total DOTs 
were not detected at Fort Baker but they were above detection limits at Municipal Pier 
(San Francisco Waterfront). As with clams, more extensive spatial sampling would be 
required to test the hypothesis that contaminant exposure varies among sites. 
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Summary and General Discussion 

Comparisons to scr~ening values 
As found in the 1994 and 1997 studies (SFBRWQCB et al. 1995; Fairey et al. 1997; 

Davis et al. 1999b; 2002), persistent toxic chemicals in Bay fish were found at COf1Centra­
tions of potential human health concern in 2000 RMP sampling. With the exception of 
chlordanes, every contaminant sampled in finfish m 2000 exhibited some screening value 
exceedances (Table 3). · 

PCB concentrahons exceeded the screerung value in almost every fish sampled (72 
of 80 fish samples), including every sample of striped bass, shiner surfperch and white 
croaker. Dioxin TEQ-WHO exceeded the screening value in 22 of 32 fish samples, mclud­
ing all white croaker and shiner surfperch. Fewer samples exceeded screening values for 
dieldnn (15 of 80 samples) and DOTs (3 of 80 samples). All samples were below the 
chlordane screening value, suggesting that chlordane concentrations in fish may not pose 
a significant human health concern. Mercury exceeded the screerung value in 51 of 134 
samples, includmg all leopard shark samp~es. The selenium screening value was set at a 
more protective level for this report than previous reports, resulting in 2 of 12 white 
sturgeon sample exceedances. 

New compounds. taxa and approaches 
Fish monitormg for polybrominated diphenyl ethers (PBDEs) was initiated in 2000. 

Estimated concentrations were significantly correlated to lipid content (Figure lOd), 
resulting in similar interspecific variahon as observed for other trace organic contami­
nants (Figure 24). In particular, estimated concentrahons of the three PBDEs were highest 
in white croaker (median of 27 ng/g wet) and shiner surfperch (15 ng/g wet) and were 
lowest in leopard shark (1.6 ng/ g wet). Considering the widespread use and potential 
toxicity of these compounds (Darnerud et al. 2001), it would be valuable to develop a 
screening value for future comparisons. As PBDE concentrations appear to be rapidly 
mcreasing in the Estuary, the RMP will continue monitoring PBDEs in fish in future 
rounds of sampling. 

Dioxin monitoring in 2000 was much more extensive than in previous years, 
facilitating analysis of the species-specific and spatial variation in dioxin contamination. 
Dioxin equivalents (TEQ-WHO) were higher m white croaker (1.6 pg/g) and shiner 
surfperch (1.4 pg/ g) than jacksmelt (0.2 pg/ g) or striped bass (0.2 pg/ g). 

Clam and crab samples were analyzed for this study. For most contaminants, clam 
tissue and crab muscle tissue had lower concentrations than monitored sport fish (Table 
2), indicating that consumphon of these shellfish is not as significant an exposure route to 
humans as are monitored sport fish. In contrast to muscle tissue, crab hepatopancreas 
hssue had relatively high concentrations of trace organic contaminants, including total 
PCB congeners (109 ng/g) and dioxin TEQ-WHO (11 pg/g), and were also above screen­
ing values for inorganic arsenic. 

The 2000 RMP fish contamination program also included two important biological 
studies: an analysis of the fish food web and a biomarker study. The food web analysis is 
treated in two separate reports (Roberts et al. 2002; Greenfield et al. In Review). The 
biomarker results have been written up in a draft report (Myers et al. 2002). 

Controlling factors 
As in previous years, fish length was an important predictor of contaminant con­

centrations. Extensive sampling of striped bass and leopard shark confirmed a highly 
significant length versus mercury relationship (Figure 4). The larger fish species (leopard 
shark, striped bass and white sturgeon) tended to accumulate more mercury and exhib-
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ited more significant length versus mercury relabonships than smaller fish species 
(Figure 5). Graphical analysis also indicated a positive relationship between length and 
DOTs for shiner surfperch and white croaker (Figure 17). 

Tissue lipid content was a significant predictor of trace organic contaminants in fish. 
When all species were pooled, lipid content was significantly related to total PCBs, DOTs, 
chlordanes, PBDEs, and dioxin TEQs (Figure 10; Figure 28). Shiner surfperch and white 
croaker, the species highest in lipid content, had the highest concentrations of these 
contaminants (Table 2). For white croaker, lipid content explained variation in trace 
organic contammant concentrations over time, both on a seasonal and 10terannual basis. 
Among seasons, croaker captured 10 the spr10g of 2000 had significantly lower llpids, 
and were lower in PCBs and chlordanes (Figure 12). Among years, 1997 croaker were 
higher in both DOTs and percent h}nds, as compared to 1994 and 2000 (Figure 17d). 

We had previously hypothesized that contarrunant concentration is influenced by 
trophic position of Bay fish (Davis et al. 2002). Surprisingly, trophic position, as estimated 
from stable nitrogen Isotope data, was generally not a strong predictor of variation in 
mercury, selenium, or organochlonne contaminants in Bay fish (Greenfield et al. In 
Review). For example, ,estimated trophic position explained some variation among 
species in fish mercury concentrations but very I!ttle variation withm individual species. 
Addibonally, there was no evidence that DDT or PCB concentrations were significantly 
related to esbmated trophic position. This apparent lack of effect of trophic position may 
be partially attributable to difficulbes applying stable isotope methods to Bay fish, given 
the limited isotope data we had available (Greenfield et al. In Review). 

Spatial patterns 
As in previOus years, spabal variation was apparent for mercury and PCBs for 

certain fish species. This remained the case despite our use of a very conservative statisti­
cal approach (Bonferroru protection for multiple comparisons with Tukey-Kramer 
evaluation of pairwise differences), add10g much greater confidence to the statistical 
significance of the findings. Using this approach, significant variation in mercury concen­
trations among locations was observed in shiner surfperch, Jacksmelt, leopard shark, and 
white sturgeon (Table 4). Shiner surfperch and jacksmelt also varied significantly for 
PCBs. In general, Oakland and South Bay Bridges were relatively high in contaminant 
concentrations while Berkeley and San Pablo Bay were relatively low. 

Potential causes of the observed spatial variation 10 fish contaminant concentrations 
include variation in site contamination and spatial variation in fish biology. The latter 
cause could include a number of attributes includ10g diet and growth rate. Nevertheless, 
special studies of the Bay and published literature from other ecosystems support the 
hypothesis that the primary cause of spatial variation in Bay fish contamination is 
variation in water or sediment contamination among sites. First of all, San Leandro Bay 
and Oakland Harbor, having elevated contaminant concentrations in fish, are also sites of 
historical industrial activity, and have relatively high sediment concentrations for mer­
cury, PCBs, and organochlorine pesticides (Hunt et al. 1998; Daum et al 2000). Addition­
ally, the South Bay Bridges, where shiner surfperch had significantly elevated concentra­
tions of PCBs and mercury, are also elevated in water column concentrations of these 
contaminants (Leatherbarrow et al. 2002). Stable isotope evaluation of fish diets did not 
support the competing hypothesis that variation in fish diet causes spatial variation 10 
contamination. In sites where fish were more contarrunated, stable Isotope estimates of 
trophic position did not appear to be higher (Greenfield et al. In Review). Many studies 
of other ecosystems also indicate that spatial variation in fish contamination results from 
variation in overall site contamination. This has been observed for trace organic contami­
nants (Saiki and Schmitt 1986; Madenjian et al. 1998; Kennish and Ruppel1998; Zlokovitz 
and Secor 1999) and mercury (Greenfield et al. 2001). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

San FranCisco Estuary Instztute 

Temporal trends 
Tlus report presents results from a seasonal examination of white croaker contami­

nahon, fish monitoring data for three sampling years, and longer-term data sets from 
other sampling programs. 'To date, it is the most complete analysis of patterns in tempo­
ral change of fish contamination in the San Francisco Estuary. In this summary we 
interpret these data in terms of seasonal variation, interannual fluctuation (changes 
among individual years that don't necessarily reflect long-term trend), and long-term 
trends (apparent trends over a scale of at least a decade). 

Seasonal variation 

Seasonal variation in trace organic contaminants in white croaker was significant 
and indicated that croaker sampled in the spring were less contaminated than other 
seasons (Figure 12). Tlus appears to result from the lower lipid content in spring. Re­
search on croaker in southern California indicates that they spawn m January and 
February, suggesting that organic contaminants are lost during spawning (Love et al. 
1984). This seasonal variation should be taken into account in evaluation of human health 
risks from consumption of white croaker. 

Interannual variation 

Interannual variation \;VaS apparent for almost every contaminant monitored. 
Examples include elevated striped bass mercury in 1997, elevated striped bass PCBs in 
1994, and elevated DOTs in both shiner surfperch and white croaker m 1997 (Figure 7; 
Figure 16). The" interannual variation in trace organic contaminants often resulted from 
variation among years in fish tissue lipid content. For example, white croaker captured in 
1997 had elevated lipid content, as compared to 1994 and 2000, which may explain the 
elevated concentrations of DOTs (Figure 17d). In other cases, interannual variahon was 
not easily explained by fish attributes. Although striped bass had significantly higher 
mercury concentrahons in 1997,_the fish were not significantly longer than other, years, 
mdi~ating that mercury bioavailability may have been higher that year. 

Long-term trends 

Evaluation of white sturgeon and striped bass data mdicated possible long-term 
declines in DOTs and chlordanes but no long-term trends in mercury, PCBs or selenium. 
The difference between these contaminants may stem frorri a number of factors including 
the date when most contaminant use was curtailed (Table 8), the rate of loading at 
present, and differences in environmental degradation rates. 

Mercury concentration in striped bass showed no apparent trend from the early 
1970s to the late 1990s (Figure 8). A major use of mercury in the region occurred over a 
century ago (Table 8), and consequently a significant loading reduchon occurred m the 
early 20th-century (Nriagu 1994). Because of the widespread area and historic sources 
(Nriagu 1994; Domagalski 1998, 2001; Alpers and Hunerlach 2000), long-term trends in 
watershed loading of mercury are probably weak. Rather, fluctuation in mercury 
bioavailability to fish likely stems from a combination of variation in fish ecology, water­
shed loading (Domagalski 1998, 2001), contaminated sediment exposure Gaffe et al. 1998; 
Fuller et al. 1999), and factors that influence net methylmercury production rates (e.g., 
Gilmour et al. 1992). Our failure to detect a trend in fish contrasts with the long-term 
decreases observed in sediment mercury concentrations since the mid-20th century 
(Hornberger et al. 1999). -

Selenium loads from local oil refineries in the Bay Delta are lower in 1999 than 1986-
1992, due to stricter regulation on local sources such as refinery loads (Luoma and 
Presser 2000). However, no effective source reduction has been implemented to reduce 
loading due to agricultural runoff and other nonpoint sources (Luoma and Presser 2000). 
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Table 8. Summary of source reduction trends m b1ota and sed1ments for contammants that 
have long-term fish data. All trends are presented as from the 1970s or 1980s to the present. 

Contaminant MaJOr, Type of restriction Trend In fish Trend in other studies 
restriction (species) a (matrix) 

date 
Mercury 1890s End of hydraulic gold None (SB) Decline (recent sediments 

m1mng act1v1ty b (though and bivalves) e k 
many sources st1ll 
rema1ned afterward) 

Selemum 1990s c RestnciiOn on rel1nery None (WS) Unknown 
effluent c 

PCBs 1979 d Ban on new production and None (WS) Decline (recent sediments, 
many uses bivalves and sh1ner 

surfperchl fa h k 
DOTs 1972 I Ban on all uses but Decline (WS) Decline (recent sediments, 

emergency uses b1valves and sh1ner 
surfperch) I h k 

Chlordanes 1987] Last year of widespread Decline (WS) Decline (bivalves) k 
applicatiOn 1n Cal1!orma 

a SB = stnped bass, WS =white sturgeon. b Nnagu 1994 c Luoma and Presser 2000. 
d R1ce and O'Keefe 1995 e Hornberger et al 1999 f Venkatesan et al 1999 g DaVIs 
2002. h IUsebrough 1969, 1995 1 U S EPA 2000 J Sh1genaka 1990 k Gunther et al 
1999 

Hence it is not surprising that selenium concentrations in white sturgeon do not appear 
to have declined (Figure 33). 

The contrast between declirung sturgeon concentrations of chlordanes and DOTs 
(Figure 18; Figure 22) versus no apparent trend for PCBs (Figure 13) merits further 
discussion. In the case of chlordanes, the fairly recent use curtailment (1987; Table 8) may 
explain the decline, because organochlorine contaminant declines in wildlife tend to be 
strongest shortly after use bans are imposed (Schmitt and Bunck 1995; Stow et al. 1999). 
In contrast to chlordanes, most DDT use was curtailed in the early 1970s; but bivalves, 
sediments, and fish still exhibit decreasing DDT concentrations in the 1980s and early 
1990s (Table 8) (Gunther et al. 1999; Venkatesan et al. 1999; this study) The fact that DOTs 
continue to decline may be explained by higher degradation rates for DOTs than PCBs. 
Alternatively, the loading rate for DOTs may be lower than for PCBs. In any event, the 
apparent decline of DOTs and chlordanes, combined with the low frequency or absence 
of screening value exceedances, suggest that they may be of lower human health concern 
than other contaminants. 

PCBs showed no recent trend in sturgeon despite evidence of recent declines in 
sediments (Venkatesan et al. 2000) in addition to declining trends in bivalves since the 
late 1980s (Gunther et al. 1999; Davis 2002). Possible explanations for the apparent lack of 
PCB decline include continued loading to the watershed from local sources and slow 
declines in sediment due to very slow degradation rates. It is also possible that high 
detection limits and small sample sizes of prior programs interfered with trend detection. 
Determining potential input and loss rates of PCBs and other contaminants remains a 
major objective of the Regional Monitoring Program. Continued long-term monitoring of 
fish contamination will help achieve this objective by clarifying long-term trends in Bay 
food web contamination. 
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Appendix Table la. Quality assurance and control summary for laboratory analysiS of fish t1ssue (trace elements) 

Number Median Number SD Precision 
Parameter Samples Field Sample Units MDL Replicates Replicates (RSD%) 

Hg (wet wt.) 117 0.25 ng/g wet 0.04 29 0 07 11 
Se(wetwt) 12 1.37 ng/gwet 002 1 004 2 

a Mean of absolute value of error of all standard reference material compansons 
NO= not detected 

Accuracy 
(%Error) • 

1 
9 

Blank 
Mean 
All NO 
All NO 

- - - - - -
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San Franctsco Estuary Institute 

Appendix Table lb. Quality assurance and control summary for laboratory analys1s of fish t1ssue 

I (PCBs). 

Number Median Number so PreciSIOn Accuracy Blank 

Parameter Totals' Sameles Field Samelo Units MDL Replicates' Repheates' (RSD%1 ('lo Error)' Mean 
PCB008 PCB 80 0 nglg wet 02 0 NA NA NA All NO 
PCB018 PCB 80 0 nglg wet 02 0 NA NA 17 All NO 
PCB 027 80 0 ng/gwet 02 0 NA NA NA All NO I 
PCB028 PCB 80 0 32 nglg wet 02 4 0 03 22 19 All NO 
PCB 029 80 0 nglg wet 02 0 NA NA NA All NO 
PCB031 PCB 80 0 24 nglg wet 02 2 0 02 6 66 All NO 
PCB 033 PCB 80 0 ng/g wet 02 1 0 02 22 NA All NO 
PCB 044 PCB 80 o'54 nglg wet 02 3 0 05 10 6 All NO 
PCB 049 PCB 80 0 78 ng/gwet 02 4 005 12 18 All NO I 
PCB 052 PCB 80 140 ng/gwet 02 4 0 06 8 6 All NO 
PCB 056 PCB 80 0 nglg wet 02 3 004 35 NA All NO 
PCB060 PCB 80 0 nglg wet 02 2 003 23 NA All NO 
PCB 066 PCB 80 0 86 nglg wet 02 5 005 9 5 All NO 
PCB070 PCB 80 0 73 nglg wet 02 5 004 17 NA 004 
PCB 074 PCB 80 0 55 nglg wet 02 5 002 10 NA All NO I 
PCB 087 PCB 80 122 ' nglg wet 02 5 002 8 7 All NO 
PCB095 PCB 80 1 78 nglg wet 02 4 008 7 6 All NO 
PCB097 PCB '80 0 57 nglg wet 02 4 004 6 NA All NO 
PCB099 PCB 80 307 nglg wet 02 5 016 8 5 All NO 
PCB 101 PCB 80 468 nglg wet 02 5 010 8 20 004 
PCB 105 PCB 80 140 nglg wet 02 5 012 22 7 All NO I 
PCB 110 PCB 80 311 nglg wet 02 5 032 12 4 009 
PCB 114 80 0 nglg wet 02 0 NA NA NA All NO 
PCB 118 PCB 80 4 12 nglg wet 02 5 019 8 2 004 
PCB 128 80 104 nglg wet 02 5 006 7 10 All NO 
PCB 137 PCB 80 0 27 nglg wet 02 5 003 12 NA All NO 
PCB 138 PCB 80 1006 nglg wet 02 5 060 8 15 All NO I 
PCB 141 PCB 80 086 nglg wet 02 4 005 5 NA All NO 
PCB 149 PCB 80 4 02 nglg wet 02 5 024 9 14 All NO 

I 
PCB 151 PCB 80 217 ng/g wet 02- 4 017 7 9 All NO 
PCB 153 PCB 80 14 75 nglg wet 02 5 0 81 8 12 All NO 
PCB 156 PCB 80 044 nglg wet 02 5 002 6 9 All NO 
PCB 157 80 0 nglg wet 02 2 002 6 NA All NO 
PCB 158 PCB 80 0 82 nglg wet 02 5 004 7 NA All NO 
PCB 170 PCB 80 1 74 ng/g wet 02 5 010 8 65 All NO 
PCB 174 PCB 80 0 59 nglg wet 02 4 007 4 NA All NO 
PCB 177 PCB 80 1 81 nglg wet 02 5 009 9 NA All NO 
PCB 180 PCB 80 491 nglg wet 02 5 034 8 26 All NO 
PCB 183 PCB 80 217 nglg wet 02 5 012 8 17 All NO 
PCB 187 PCB 80 512 nglg wet 02 5 0 33 8 8 All NO I 
PCB 189 80 0 nglg wet 02 1 000 3 NA All NO 
PCB 194 PCB 80 0 76 nglg wet 02 5 0 05 10 NA All NO 
PCB 195 PCB 80 0 31 nglg wet 02 5 002 8 NA All NO 
PCB 200 80 0 29 nglg wet 02 5 002 8 NA All NO 
PCB 201 PCB 80 111 nglg wet 02 5 006 8 NA All NO 
PCB 203 PCB 80 063 nglg wet 02 5 003 NA All NO I 
PCB 206 80 0 32 nglg wet 02 5 002 NA All NO 
PCB 209 80 0 ns!s wet 02 5 001 NA All NO 

a lnd1cates whether congeners IS part of the total PCB summation Blank cells are not part of the total 
b Duplicate laboratory analyses of field samples for wh1ch concentrations were above the detection hm1t 
c Mean absolute value of error of all analyses, usmg NIST Standard Reference Materials 2974 and/or 2978 I 
NA = not ava1lable 
NO = not detected 

I 
I 
I 
I 
I 
I 

65 

I 



-
0" 
0" 

- - - - - - - - - - -

Appendix Table lc. Quality assurance and control summary for laboratory analysis of fish t1ssue (Pesticides). 

Number Median Number so Precision Accuracy 
Parameter Totals" Sam(!les Field Sam(!le Units MDL Replicates• Replicates• jRSD%} (% Error)• 

aldnn 80 0 ng/g wet 1 0 NA NA NA 
alpha-Chlordane CHLOR 80 0 ng/g wet 2 5 0 08 9 17 
gamma-Chlordane CHLOR 80 0 ng/g wet 2 5 0 04 14 17 
alpha-Chlordane 80 0 ng/g wet 1 1 0 01 7 NA 
gamma-Chlordene 80 0 ng/g wet 1 3 0 03 16 NA 
chlorpynfos 80 0 ng/g wet 2 1 0 04 30 NA 
dacthal 80 0 ng/g wet 2 '1 0 02 9 NA 
o,p'-000 DDT 80 0 ng/g wet 2 4 013 7 31 
p,p'-DDD DDT 80 5 39 ng/g wet 2 5 145 8 8 
o,p'-DDE DDT 80 0 ng/g wet 2 4 004 10 25 
p,p'-DDE DDT 80 25 20 ng/g wet 2 5 1 33 8 8 
p,p'-DDMU 80 0 ng/g wet 3 4 0 20 8 NA 
o,p'-DDT DDT 80 0 ng/g wet 3 4 0 06 11 80 
p,p'·DDT DDT 80 0 ng/g wet 5 5 018 9 69 
dlaz~non 80 0 ng/g wet 20 0 NA NA NA 
d1eldnn 80 0 ng/g wet 2 4 012 32 27 
endosulfan I 80 0 ng/g wet 2 0 NA NA NA 
endnn 80 0 ng/g wet 2 0 NA NA NA 
eth1on 80 0 ng/g wet 6 1 0 06 17 NA 
alpha-HCH 80 0 ng/g wet 1 3 001 11 NA 
beta-HCH 80 0 ng/g wet 2 1 0 00 1 NA 
delta-HCH 80 0 ng/g wet 2 0 NA NA NA 
gamma-HCH 80 0 ng/g wet 1 1 001 8 NA 
heptachlor 80 0 ng/g wet 2 0 NA NA NA 
heptachlor epox1de 80 0 ng/g wet 1 3 0 02 6 NA 
hexachlorobenzene 80 0 ng/g wet 03 5 0 00 3 NA 
methoxychlor 80 0 ng/g wet 5 0 NA NA NA 
m1rex 80 0 ng/g wet 3 2 001 30 NA 
c1s-Nonachlor CHLOR 80 0 ng/g wet 2 5 0 07 8 18 
trans-Nonachlor CHLOR 80 217 ng/g wet 1 5 013 9 15 
oxad1azon 80 0 ng/g wet 3 2 0 09 9 NA 
oxychlordane CHLOR 80 0 ng/g wet 1 4 0 02 8 NA 
Ethyl Parath1on 80 0 ng/g wet 2 0 NA NA NA 
Methyl Parathion 80 0 ng/g wet 4 0 NA NA NA 
toxaphene 80 0 ng/g wet 50 0 NA NA NA 
o/o MOISture 134 76 50 % NR 5 0 25 0 NA 
o/oll!!ld 80 1 93 % NR 5 011 10 NA 

a lnd1cates whether parameter IS part of the total chlordane summat1on, or DDT summabon Blank cells are not part of e1ther total 
b Duplicate laboratory analyses of field samples for which concentrations were above the detection hm1t 
c Mean absolute value of error of all analyses, us1ng NIST Standard Reference Matenals 2974 and/or 2978 
NA = not available 
NR = Data not reported by lab 
NO = not detected 

- - - - - - -

Blank 
Mean 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO r 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 
All NO 

NA 
NA 
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Appendix Table ld. Quality assurance and control summary for laboratory analysis of fish t1ssue (d1oxms and coplanar PCBs). 

Number Median Number SD Precision 
Parameter Sameles Field Samele Units MDL Replicates a Replicatesa lRSD%1 
2,3, 7,8-TCOO 38 0.10 pg/g wet 0.02 1 0.03 22 
1 ,2,3, 7 ,8-PCOO 38 0.22 pg/g wet 0.02 1 0.06 12 
1 ,2,3,4,7,8-HxCOO 38 NO pg/g wet 0.02 0 NA NA 
1 ,2,3,6, 7 ,8-HxCOO 38 0.05 pg/g wet 0.02 1 0.02 6 
1 ,2,3, 7 ,8, 9-HxCOO 38 NO pg/g wet 0.02 0 NA NA 
1 ,2,3,4,6, 7,8-HpCOO 38 0.09 pg/g wet 0.04 0 NA NA 
1 ,2,3,4,6, 7,8,9-0COO 38 0.27 pg/g wet 0.1 2 0.30 70 
2,3, 7,8-TCOF 38 1.71 pg/g wet 0.02 3 0.16 14 
1 ,2,3, 7 ,8-PCOF 38 0.21 pg/g wet 0.02 1 0.02 8 
2,3,4, 7,8-PCOF 38 0.69 pg/g wet 0.02 2 0.09 22 
1 ,2,3,4, 7,8-HxCOF 38 NO pg/g wet 0.02 0 NA NA 
1 ,2,3,6, 7,8-HxCOF 38 NO pg/g wet 0.02 0 NA NA 
1 ,2,3, 7 ,8, 9-HxCOF 38 NO pg/g wet 0.02 0 NA NA 
2,3,4,6,7,8-HxCOF 38 NO pg/g wet 0.02 0 NA NA 
1 ,2,3,4,6, 7,8-HpCOF 38 NO pg/g wet 0.04 0 NA NA 
1 ,2,3,4, 7,8,9-HpCOF 38 NO pg/g wet 0.04 0 NA NA 
1 ,2,3,4,6, 7,8,9-0COF 38 NO pg/g wet 0.1 0 NA NA 
PCB 077 38 54.20 pg/g wet 0.5 2 3.03 14 
PCB 126 38 25.40 pg/g wet 0.5 2 2.93 11 
PCB 169 38 1.87 pg/g wet 0.5 1 0.56 18 

a. Blind duplicate laboratory analyses of field samples for which concentrations were above three times the detection limit. 
b. Mean absolute value of error of all analyses, using Standard Reference Materials NRC CARP-1 
and/or EOF2525 (from Cambridge Isotopes Lab). 
NO = not detected. 
NA =not available. 

Accuracy 
(% Errort 

13 
12 
44 
30 
31 
25 
77 
21 
61 
12 
44 
19 
28 
75 
82 
82 
37 
26 
2 

45 

Blank 
Mean 
0.02 
0.02 
0.03 
0.03 
0.02 
0.05 
0.30 
0.06 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.05 
0.04 
0.09 
0.32 
0.21 
0.03 
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Appendix Table 2a. Mercury concentrations m fish, crab, and clam t1ssue samples, 1998-2000. 
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em em % ua/a ua/a 

I 
1003606 33 6/13/00 SF Waterfront California Halibut Off 55 55 74 9 0284 1130 
1003602 29 5/4/00 S F Waterfront California Halibut Off 64 64 763 0323 1 360 
1003601 28 5/3/00 S F Waterfront California Halibut Off 82 82 75 3 0213 0866 
1003605 32 5/25/00 S F Waterfront Cahfom1a Halibut Off 84 84 76 4 0195 0828 
1003603 30 5/4/00 S F Waterfront Cal1fom1a Halibut Off 92 92 75 9 0586 2430 
1003604 31 5/4/00 S F Waterfront Califom1a Halibut Off 98 98 756 0 451 1 850 

I 1005603 80 7/20/00 San Pablo Bay Califom1a Halibut Off 51 51 756 0126 0 516 
1005601 78 6/2/00 San Pablo Bay Califom1a Halibut Off 55 55 76 0 0192 0 BOO 
1005602 79 6/8/00 San Pablo Bay Cal1fom1a Halibut Off 1 61 61 754 0174 0708 
1005604 81 7127100 San Pablo Ba~ Cal1fom1a Halibut Off 1 75 75 754 0 209 0850 
C004301 142 5124/00 Berkeley Jacl<smelt WB 5 24-28 260 731 NO NO 
C004302 143 6/14/00 Berkeley Jacl<smelt WB 5 25-28 266 738 NO NO 

I C004303 144 6/15/00 Berkeley Jacl<smelt WB 5 26-29 274 727 NO NO 
C002301 121 6/21/00 Oakland Jacksmelt WB 5 25-30 268 743 0076 0 297 
C002303 123 6/22/00 Oakland Jacl<smelt WB 5 25-29 270 81'4 0050 0271 
C002302 122 6121/00 Oakland Jacl<smelt WB 5 26-29 274 74 7 0 062 0243 
C003301 131 5/3/00 SF Waterfront Jacl<smelt WB 5 24-27 25 8 766 0 047 0202 

I 
C003302 132 5/4/00 SF Waterfront Jacl<smelt WB 5 25-28 264 76 5 0059 0249 
C003303 133 5/4/00 SF Waterfront Jacl<smelt WB 5 25-28 266 770 0054 0234 
C005303 159 6/2/00 San Pablo Bay Jacksmelt WB 5 25-29 270 768 0 072 0310 
C005301 157 6/2100 San Pablo Bay Jacl<smelt WB 5 26-28 27 2 776 0 079 0 353 
C005302 158 6/2100 San Pablo Bay Jacksmelt WB 5 27-28 27 6 772 0 068 0299 
C001303 96 5/1100 South Bay Bndges Jacksmelt WB 5 26-29 274 76 0053 0220 

I 
C001302 95 5/1/00 South Bay Bndges Jacksmett WB 5 27-28 27 8 757 0116 0478 
C001301 94 5/1100 South Ba~ Bndges Jacl<smelt WB 5 27-29 28 4 691 0 063 0 204 
C004201 139 5/5/00 Berkeley Sh1ner Surfpench WB 20 11 -13 122 754 0060 0 243 
C004202 140 5/5/00 Berkeley Sh1ner Surfperch WB 20 11-14 125 76 5 0068 0288 
C004203 141 5/5/00 Berkeley Sh1ner Surfperch WB 20 11-15 131 757 0 075 0310 
C002203 120 6/22/00 Oakland Sh1ner Surfperch WB 19 10-14 114 794 0145 0702 

I 
C002201 118 6/21/00 Oakland Sh1ner Surfperch WB 20 10-13 116 61 3 0148 0 382 
C002202 119 6/16/00 Oakland Sh1ner Surfpench WB 20 11-15 121 782 0138 0634 
C003201 128 5/3/00 SF Waterfront Sh1ner Surfperch WB 20 10-14 113 772 0 058 0254 
C003203 130 5/3/00 SF Waterfront Sh1ner Surfpench WB 20 10-13 114 762 0077 0322 
C003202 129 5/3/00 SF Waterfront Sh1ner Surfperch WB 20 10-13 11 5 771 0067 0 294 
C008203 172 11/14/00 San Leandro Bay Shiner Surfpench WB 20 8-10 84 771 0134 0566 

I 
C008202 171 11/14/00 San Leandro Bay Shiner Surfperch WB 20 9-11 99 774 0139 0614 
C008201 170 11/14/00 San Leandro Bay Shiner Surfperch WB 20 9-12 104 781 0174 0 797 
C005202 155 11/29/00 San Pablo Bay Sh1ner Surfperch WB 20 9-11 95 764 0058 0 245 
C005203 156 11/29/00 Sen Pablo Bay Shiner Surfperch WB 20 9-12 101 76 0 0 049 0205 
C005201 154 11/29/00 San Pablo Bay Shiner Surfpench WB 20 9-12 102 776 0047 0211 
C001203 93 5/1100 South Bay Bndges Sh1ner Surfperch WB 20 10-14 110 774 0 091 0403 

I 
C001202 92 5/1100 South Bay Bndgas Sh1ner Surfperch WB 20 11-14 125 765 0095 0 405 
C001201 91 5/1100 South Ba~ Bndgas Sh1ner Su!fl!ench WB 20 11-15 126 766 0093 0396 
C004102 137 5/24/00 Berkeley White Croaker On 5 24-28 26 4 757 0250 1030 
C004103 138 5/24/00 Berkeley White Croaker On 5 25-29 274 761 0 275 1150 
C004101 136 5/24/00 Berkeley White Croaker On 5 24-29 276 76 3 0 249 1050 
C002101 106 6/16/00 Oakland White Croaker On 5 21-28 240 74 3 0151 0587 

I 
C002102 107 6/20/00 Oakland White Croaker On 5 22-28 24 8 81 0 0178 0933 
C002103 108 6120100 Oakland White Croaker On 5 24-29 274 73 7 0 169 0645 
C003103 127 5/3/00 SF Waterfront While Croaker On 5 22-27 248 764 0185 0 782 
C003102 126 5/3/00 SF Waterfront While Croaker On 5 25-28 266 776 0191 0853 
C003101 125 5/3/00 SF Waterfront While Croaker On 5 25-30 276 76 6 0204 0 870 
C005101 151 6/8/00 San Pablo Bay Wh1te Croaker On 5 23-30 280 74 0 0270 1040 

I 
C005103 153 6/2/00 San Pablo Bay Wh1te Croaker On 5 25-30 28 0 735 0217 0 820 
C005102 152 6/8/00 San Pablo Bay White Croaker On 5 27-30 28 6 731 0 210 0778 
C001102 89 5/1100 South Bay Bndges White Croaker On 5 24-30 264 744 0 212 0828 
C001101 88 5/1100 South Bay Bndges Wh1te Croaker On 5 26-30 278 553 0383 0858 
C001103 90 5/1100 South Ba~ Bndges White Croaker On 5 26-30 27 8 761 0258 1080 
1005701 82 3/21/00 San Pablo Bay White Sturgeon Off 1 115 115 785 0205 0954 

I 
1005703 84 3/22100 San Pablo Bay While Sturgeon Off 1 117 117 808 0171 0891 
1005702 83 3/22100 San Pablo Bay White Sturgeon Off 125 125 795 0278 1 360 
1005705 86 3/23/00 San Pablo Bay White Sturgeon Off 133 133 80 7 0 233 1210 
1005706 87 3/24/00 San Pablo Bay White Sturgeon Off 147 147 774 0 215 0951 
1005704 85 3/22/00 San Pablo Bay White Sturgeon Off 149 149 81 2 0 203 1 080 
1001703 24 4/19/00 South Bay Bndges White Sturgeon Off 121 121 784 0331 1530 

I 
1001705 26 5/18/00 South Bay Bndges White Sturgeon Off 122 122 793 0369 1780 
1001702 23 4/19/00 South Bay Bndges White Sturgeon Off 130 130 799 0297 1480 
1001706 27 5/19/00 South Bay Bndges White Sturgeon Off 135 135 785 0463 2150 
1001704 25 4/20100 South Bay Bndges White Sturgeon Off 149 149 776 0498 2 220 
1001701 22 4/19100 South Ba~ Bndges Wh1te Sturgeon Off 182 182 76 3 0707 2 980 

I Off= Sk1n-off muscle, On = Sk1n-on muscle, WB = Whole body 
NO = not detected 
Sample 10 and F1sh 10 are umque identifiers for each indiVIdual or composite fish sample 
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San Franczsco Estuary Instztute 

Appendix Table 2a. Mercury concentrations 1n fish, crab, and clam t1ssue samples, 1998-2000 

I (continued). 

-g 
l :5 .. ~ "' 

I 
&:: 

CD .. &:: CD I!! e I &:: 

~ 
... 

"' ~ CD i! 

! ~ e &:: CD "' .. 
'ii. 0 (I) :> E I!! 0 :!. E r. J!l , r. "' 0 CD ::E .. .. .. s .. 

'~ ; ~ '#. "' Iii 
(I) ii: c (I) ii: % % 

I 
em % uolo uolo 

1004404 37 5/24/00 Ber1<eley Leopard Shari< Off 86 76 6 0768 3280 
1004401 34 5/24/00 Ber1<eley Leopard Shari< Off 89 773 0 737 3250 
1004403 36 5/24/00 Berkeley Leopard Shari< Off 90 764 0867 3680 
1004405 38 5/25/00 Berkeley Leopard Shark Off 91 776 0903 4 030 
1004410 41 7/19/00 Berkeley Leopard Shark Off 92 754 0800 3260 
1004411 42 7/19/00 Berkeley Leopard Shari< Off 92 76 9 0807 3 500 

I 1004413 44 7/19/00 Ber1<eley Leopard Shari< Off 92 751 0703 2830 
1004402 35 5/24/00 Ber1<elay Leopard Shari< Off 93 775 0 738 3280 
1004406 39 5/25/00 Bar1<elay Leopard Shari< Off 99 774 1010 4460 
1004407 40 5/25/00 Bar1<elay Leopard Shari< Off 110 779 1090 4920 
1004412 43 7/19/00 Berkeley Leopard Shari< Off 113 771 0902 3940 
1005401 57 6/6/00 San Pablo Bay Leopard Shari< Off 90 76 8 0 320 1 380 

I 
1005402 58 6/6/00 San Pablo Bay Leopard Shari< Off 90 777 0843 3 790 
1005408 84 6/9/00 San Pablo Bay Leopard Shari< Off 90 781 0687 3140 
1005404 60 smoo San Pablo Bay Leopard Shari< Off 91 76 9 0 803 3470 
1005406 62 6moo San Pablo Bay Leopard Shari< Off 93 74 8 0666 2640 
1005407 63 6/8100 San Pablo Bay Leopard Shari< Off 93 78 5 0651 3030 
1005409 65 7/20/00 San Pablo Bay Leopard Shari< Off 98 74 8 0 756 3000 

I 
1005403 59 6/6/00 San Pablo Bay Leopard Shari< Off 107 761 0874 3660 
1005405 61 smoo San Pablo Bay Leopard Shari< Off 107 777 0 824 3 700 
1001407 7 5/17/00 Sou1h Bay Bndges Leopard Shari< Off 92 78 6 0955 4460 
1001403 3 5/16/00 Sou1h Bay Bndgas Leopard Shari< Off 98 773 0941 4150 
1001408 8 5/17/00 Sou1h Bey Bndges Leopard Shari< Off 100 781 0 705 3 220 
1001402 2 5/16/00 South ~ay Bndges leopard Shark Off 101 78 2 1190 5480 
1001409 9 5/18/00 South Bay Bndges Leopard Shari< Off 101 774 0 748 3 310 

I 1001410 10 5/23/00 Sou1h Bay Bndgas Leopard Shari< Off 103 771 0813 3 550 
1001406 6 5/17/00 Sou1h Bay Bndges Leopard Shari< Off 109 78 9 1210 5 750 
1001411 11 5/23/00 Sou1h Bay Bnd9es Leopard Shari< Off 109 76 7 1 090 4 700 
1001405 5 5117100 Sou1h Bay Bndges Leopard Shari< Off 118 776 1 260 5630 
1001412 12 5/23/00 Sou1h Bay Bndges Leopard Sheri< Off 120 779 1 510 6830 
1001401 1 5/16/00 Sou1h Bay Bndges Leopard Shari< Off 125 775 1600 7090 

I 
1001404 4 5/17/00 South Ba~ Bndges Leo~ard Shari< Off 134 78 0 1380 6290 
1004503 47 5/25/00 Ber1<elay Slnped Bass Off 48 754 0241 0977 
1004501 45 5/24/00 Berkeley Stnped Bass Off 51 781 0299 1370 
1004504 48 5/25/00 Ber1<elay Slnped Bess Off 51 78 5 0 378 1 760 
1004511 56 7/19/00 Bar1<alay Slnpad Bass Off 51 76 2 0281 1180 
1004505 49 5/26/00 Bar1<eley Slnpad Bess Off 53 75 4 0 329 1 340 

I 
1004508 52 6/14/00 Ber1<aley Slnpad Bass Off 54 771 0 340 1490 
1004502 46 5/25/00 Ber1<aley Slnped Bass Off 55 75 8 0 224 0927 
1004506 50 5/26/00 Ber1<eley Slnpad Bass Off 56 79 4 0491 2390 
1004510 55 6/15/00 Berkeley Slnpad Bass Off 61 741 0 316 1 220 
1004509 54 6/14/00 Bar1<elay Slnpad Bass Off 62 74 5 0 349 1 370 
1004507 51 5126/00 Bar1<eley Slnpad Bass Off 78 78 0 0484 2 200 

I 
1005508 73 612/00 San Pablo Bay Slnped Bass Off 45 76 5 0 225 0957 
1005503 66 612/00 San Pablo Bay Slnped Bass Off 50 764 0 205 0871 
1005506 71 612/00 San Pablo Bay Slnped Bess Off 50 74 6 0188 0 740 
1005502 67 612/00 San Pablo Bay Slnped Bass Off 51 76 2 0 235 0986 
1005504 69 6/2100 San Pablo Bay Slnpad Bass Off 51 76 2 0 289 1210 
1005511 76 612/00 San Pablo Bay Slnped Bass Off 54 75 2 0 251 1010 
1005509 74 612/00 San Pablo Bay Slnped Bass Off 55 75 0 0 342 1 370 

I 1005505 70 612/00 San Pablo Bay S1npad Bass Off 57 74 2 0273 1060 
1005507 72 612/00 San Pablo Bay Slnped Bass Off 58 764 0 300 1270 
1005510 75 612/00 San Pablo Bay Slnped Bass Off 60 74 2 0284 1100 
1005501 66 612/00 San Pablo Bay Slnpad Bass Off 62 75 5 0243 0991 
1005512 n 6/8/00 San Pablo Bay Slnpad Bass Off 75 73 3 0370 1 390 
1001507 19 5/19/00 Sou1h Bay Bndges Slnped Bass Off 45 '79 0 0190 0905 

I 
1001506 18 5/19/00 Sou1h Bay Bndges Slnpad Bass Off 46 76 5 0169 0723 
1001501 13 5/18/00 Sou1h Bay Bndges Slnpad Bass Off 47 no 0219 0951 
1001502 14 5/18/00 Sou1h Bay Bndges Slnpad Bass Off 47 779 0186 0842 
1001505 17 5/19/00 Sou1h Bay Bndgas Slnpad Bass Off 47 75 2 0285 1150 
1001504 16 5/19/00 Sou1h Bay Bndges Slnpad Bass Off 49 75 7 0242 0994 
1001509 21 5/23100 Sou1h Bay Bndges Slnped Bass Off 50 76 3 0331 1400 

I 
1001503 15 5/18/00 Sou1h Bay Bndges Slnped Bass Off 1 52 789 0284 1250 
1001508 20 5/23100 South Ba~ Bndges Stn~ed Bass Off 1 57 778 0295 1330 
C993A01 9/28199 Mumc1pal P1er (SF Waterfront) Red Rock Crab M 10 12 3 820 0124 0692 
C993A02 9/28199 Muntc1pal P1er (SF Waterfront) Red Rock Crab 'M 10 12 2 800 0169 0843 
C993A03 9/28/99 Mumc1pal P1er (SF Waterfront) Red Rock Crab H 20 12 3 838 0048 0295 
C993B01 9/29199 Fort Baker Red Rock Crab M 10 111 78 3 0130 0598 

I 
C993B02 9/29199 Fort Baker Red Rock Crab M 10 113 810 0078 0414 
C993B03 9/29199 Fort Baker Rad Rock Crab H 20 112 79 5 0051 0248 
C993C01 9/30199 P1er 7 (SF Waterfront) Red Rock Crab M 10 121 781 0143 0653 
C993C02 9/30199 P1er 7 (SF Waterfront) Red Rock Crab M 10 112 768 0155 0669 
C993C03 9/30/99 P1er 7 (SF Waterfront) Red Rock Crab H 20 117 724 oon 0281 
C981A01 4/8/98 Burtmgame (South Bay) Tapes Japon1ca Clam All 25 NA 87 5 0108 0897 
C982A01 4/8/98 Fru1tvale Bndge (Oakland} ' TB!;!BS Jap;Qmca Clam All 25 NA 880 0048 0380 

I Off= Sk1n-off muscle, On= sk1n-on muscle, WB =Whole body, M =Crab muscle, H =Crab hepatopancreas, All= Clam soft t1ssue 
NA = not available 
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Appendix Table 2b. PCB concentrations m fish, crab, and clam tissue samples, 1998-2000. 
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C003601 134 5/3/00 SF Waterfront -C8l1fornla Hahbul Off 3 55. 64,82 87 0 04 764 NO 30 12 42 
C003602 135 5/4100 SF Waterfront California Hahbut Off 3 84, 92,98 91 3 03 761 NO 17 NO 17 
C00560] ]87 !lW!Q S~n Pi!bloB~ C8hfom1a Hahbul Off 3 55 61 7~ 637 04 773 NO 24 ~0 24 
C004301 142 5124100 Berkeley Jacksmelt WB 5 24-28 260 26 74 6 NO 11 NO 11 
C004302 143 6/14/00 Berkeley JackSmett WB 5 25·28 266 25 73 7 NO 20 NO 20 
C004303 144 6/15100 Berkeley Jack6mell WB 5 26-29 274 30 738 NO 14 NO 14 I 
C002301 121 6121100 Oakland Jacksmelt WB 5 25· 30 26 8 1 5 74 8 NO 120 25 145 
C002302 122 6121/00 Oakland Jacksmell WB 5 26·29 27 4 23 752 NO 55 NO 55 
COD2303 123 6/22/00 Oakland Jacksmell WB 5 25· 29 27 0 2 1 74 6 NO 39 NO 39 
C003301 131 5/3100 SF Waterfront Jacksmelt WB 5 24-27 25 8 1 0 765 NO 23 NO 23 
C003302 132 5/4/00 SF Waterfront Jacksmell WB 5 25· 28 264 1 0 768 NO 30 NO 30 
C003303 133 5/4100 SF Waterfront JackSmalt WB 5 25· 28 268 1 4 757 NO 38 NO 36 
C005301 157 612100 San Pablo Bay Jacksmell WB 5 26·28 27 2 08 782 NO 37 12 49 I 
C005302 158 612100 San Pablo Bay Jacksmell WB 5 27· 28 27 6 06 779 NO 30 NO 30 
C005303 159 612100 San Pablo Bay Jacksmell WB 5 25-29 27 0 07 772 NO 41 NO 41 

I 
C001301 94 5/1100 South Bay Bndges Jacksmell WB 5 27 ° 29 284 1 2 764 NO 45 24 69 
C001302 95 5/1100 South Bay Bndges Jacksmell WB 5 27-28 27 8 1 2 766 NO 100 29 129 
!:;001303 96 5/1100 South Ba~ Bndges Jack6mell WB 5 26·2~ 274 14 765 NO 41 ~1 62 
C004402 146 5124/00 Berkeley Leopard Shark Off 3 92, 92 93 92 3 04 770 NO NO NO 0 
C004403 147 5125100 Berkeley Leopard Shark Off 3 99, 110, 113 107 3 04 772 NO 26 NO 26 
C005402 161 617100 San Pablo Bay Leopard Shark Off 3 90,91 93 913 07 786 NO 14 NO 14 
C005403 162 616100 San Pablo Bay Leopard Shark Off 3 98, 107, 107 104 0 04 773 NO NO NO 0 
C001404 100 5/16100 Soulh Bay Bndges Leopard Shark Off 3 120, 125, 134 1263 04 775 NO 43 15 58 
C001401 97 5116/00 South !2m: Brlgges Leoeard Shark Off 3 92 98 100 967 04 780 NO 29 10 39 
C004201 139 5/5100 Berkeley Shiner Surfperch WB 20 11 -13 12 2 4 1 758 NO 83 32 115 
C004202 140 5/5100 Berkeley Shiner Surfperch WB 20 11 -14 12 5 _35 766 NO 120 40 160 
C004203 141 5/5100 Berkeley Shiner Surfperch WB 20 11·15 131 36 761 NO 120 37 157 I 
C002201 118 6121100 Oakland Sh1ner Surfperch WB 20 10-13 116 , 790 NO 310 83 393 
C002202 119 6/16/00 Oakland Shiner Surfperch WB 20 11-15 12 1 13 784 NO 380 100 480 
C002203 120 6122100 Oakland Sh1ner Surfperch WB 19 10-14 114 08 799 NO 270 76 346 
C003201 128 513100 SF Waterfront Shtner Surfperch WB 20 .10-14 113 26 770 NO 95 40 135 
C003202 129 513100 SF Waterfront Shtner Surfperch WB 20 10-13 115 38 759 NO 140 46 186 
C003203 130 513100 SF Waterfront Sh1ner Swfperch WB 20 10-13 114 28 763 NO 160 49 209 
C008201 170 11/14/00 San Leandro Bay Shtner Surfperch WB 20 9· 12 104 25 774 NO 510 73 583 I 
C008202 171 11/14/00 San Leandro Bay Shtner Sur1perch WB 20 9-11 99 22 774 NO 430 67 497 
COOa203 172 11114100 San Leandro Bay Shtner Surfperch WB 20 8-10 84 21 776 NO 390 68 458 
C005201 154 11/29100 San Pablo Bay Shtner Surfperch WB 20 9-12 10 2 30 774 NO 60 13 73 
C005202 155 11129/00 San Pablo Bay Shtner Surfperch WB 20 9-11 95 31 764 NO 72 12 84 
C005203 156 11129100 San Pablo Bay Shiner Surfperch WB 20 9-12 101 36 762 NO, 70 15 85 
C001201 91 511/00 Soulh Bay Bndges Shtner Surfperch WB 20 11-15 12 a 24 76 9 NO 190 a7 257 
C001202 92 511/00 Soulh Bay Bndges Shiner Surfperch WB 20 11-14 12 5 26 773 NO 150 54 204 
C001203 93 511100 Soulh Bax Bndges Shtner Su~rch WB 20 10-14 110 20 778 220 135 46 401 

I 
C004501 146 5124100 Berkeley Striped Bass Off 3 48 51 54 51 0 08 777 NO 42 32 74 
C004502 149 5125100 Berkeley Stnped Bass Off 3 51 51,53 51 7 07 77a NO 55 26 81 
C004503 150 5126/00 Berkeley Stnped Bass Off 3 61,62 78 670 14 76 7 NO 60 32 92 
C005501 163 6/2100 San Pablo Bay Stnped Bass Off 3 45, 51, 58 513 13 772 NO 37 13 50 
C005502 184 6/2/00 San Pablo Bay Stnped Bass Off 3 50, 54, 55 530 , 76 5 NO 28 10 38 
C005503 165 6/2/00 Sen Pablo Bay Striped Bass Off 3 50, 51, 57 52 7 1 5 75 5 NO 35 , 46 
C005504 168 612/00 San Pablo Bay Stnpecl Bass Off 3 60, 62, 75 65 7 , 76 0 NO 27 NO 27 I 
C001501 101 5/18100 Soulh Bay Bridges Slnped Bess Off 3 47, 49, 50 48 7 1 2 770 NO 84 2a 92 
C001502 102 5118100 Soulh Bay Bnclges Stnped Bass Off 3 45, 47, 52 480 1 2 772 NO 33 13 46 
C001503 1Q;l 5/18100 South B~ Bridges Sln2!Q Bass Off 3 46 47 57 500 10 778 NO 35 11 46 
C004101 136 5124/00 Berkeley While Croaker On 5 24 ·29 276 23 74 9 NO 200 85 2a5 
C004102 137 5124100 Berkeley White Croaker On 5 24 ·28 264 27 761 NO 87 47 134 
C004103 13a 5124/00 Berkeley While Croaker On 5 25·29 274 30 766 NO 130 60 190 
C002101 106 6/16/00 Oakland While Croaker On 5 21 ·28 24 0 48 74 0 NO 330 110 440 I 
C002102 107 6/20/00 Ooklend While Croaker On 5 22·28 24 8 63 74 0 NO 210 68 278 
C002103 108 6/20/00 Oakland White Croaker On 5 24 ·29 27 4 57 73 8 NO 420 120 540 
C002104 109 318/00 Oakland While Croaker On 5 23· 27 252 1 9 74 5 NO 140 56 196 
C002105 110 318100 Oakland Wh1le Croaker On 5 22 ° 25 236 1 0 780 NO 51 33 84 
C002106 111 318100 Oakland White Croaker On 5 21 ° 28 24 8 1 8 75 7 NO 150 83 213 
C002107 112 9126100 Oakland Wh1te Croaker On 5 22·29 254 60 732 NO 430 120 550 
C002108 113 9/26100 Oakland WhltaCroakar On 5 22-30 25 6 73 726 NO 370 110 480 I 
C002109 114 9/26100 Oakland wnue Croaker On 5 21 ·30 26 0 55 731 NO 300 97 397 
C002110 115 12118/00 Oakland White Croaker On 5 21-30 23 8 63 730 43 360 110 513 
C002111 116 12/16/00 Oakland White Croaker On 4 22 ·29 25 5 41 741 NO 200 63 263 
C002112 117 12/18/00 Oakland White Croakar On 5 21° 27 234 49 739 NO 210 84 274 
C003101 125 513/00 SF Waterfront White Croaker On 5 25 ° 30 27 6 20 774 NO 160 70 230 
C003102 126 5/3/00 SF Waterfront White Croaker On 5 25· 28 26 6 1 8 778 NO 190 73 263 
C003103 127 513100 SF Watelfront wn•te Croaker On 5 22-27 24 a 22 763 NO 130 60 190 I 
C005101 151 6/8/00 San Pablo Bay White Croaker On 5 23 ° 30 28 0 49 74 7 NO 270 110 380 
C005102 152 618100 San Pablo Bay While Croaker On 5 27· 30 28 6 53 738 NO 250 90 340 
C005103 153 612/00 San Pablo Bay White Croaker On 5 25· 30 28 0 44 742 NO 190 68 258 
C001101 88 511/00 Soulh Bey Bndges Wh.tle Croaker On 5 26· 30 21 a 28 759 NO 570 100 670 
C001102 89 511/00 SOulh Bay Bndges White Croaker On 5 24·30 2a4 44 74 3 NO 190 63 253 
C001103 90 5/1/00 South Be;t Bndges WtJtlg Croaker oc 5 26-30 ~7 8 40 76 5 NO 220 86 306 
C005701 168 3121/00 San Pablo Bay While Sturgeon Off 3 115, 117, 125 1190 06 79 6 NO 20 NO 20 
C005702 169 3122/00 San Pablo Bay White Sturgeon Off 3 133 147, 149 1430 1 8 78 2 NO 52 10 62 

I 
C001701 104 4/19/00 South Bay Bndges White Sturgeon Off 3 121, 122. 123 124 3 05 797 NO 29 13 42 
C001702 105 4119/00 Soulb B~rt Bndges White Sturgeon Off 3 135 149 182 155 3 08 777 NO 51 17 68 
C993A01 9128199 SF Waterfront {Mum Pier) Red Rod< Crab M 10 10· 15 123 01 829 NA NA NA NA 
C993A02 9/28199 SF Waterfront (Mum Pter) Red Rock Crab M 10 10· 15 122 02 790 NA NA NA NA 
C993A03 9128199 SF Waterfront {Mum P~er) Red Rock Crab H 20 10-15 12 3 31 843 NA NA NA NA 
C993B01 9129199 Fort Baker Red Rod< Crab M 10 10·13 111 02 790 NA NA NA NA 
C993B02 9/29199 Fort Baker Red Rock Crab M 10 10·13 113 02 824 NA NA NA NA 

I 
C993B03 9/29/99 Fort Baker Red Rock Crab H 20 10-13 112 43 794 NA NA NA NA 
C993C01 9/30199 SF Waterfront (7lh 51 Pier) Red Rock Crab M 10 10·13 121 02 776 NA NA NA NA 
C993C02 9130199 SF Waterfront (71ti Sl Pier) Red Rock Crab M 10 10-13 112 04 769 NA NA NA NA 
C993C03 9/30199 SF Waterfront (7th 51 P•er) Red ROCk Crab H 20 10-13 117 85 728 NA NA NA NA 
C981A01 4/8198 Burlingame (Soulh Bay) Tapes JaponiCa Clam All 25 3 7-4 5 NA 08 87 5 NA NA NA NA 
C982A01 418198 Fruitvale Brl~e {Oakland) TeE!!J!S Ja12Qnlca Clam All 25 3345 NA 09 880 NA NA NA NA I 
Umts expressed as wet we1ght Off= Skm~ff muSCle, On= Sk•n-on muscle, WB =Whole body, 
M = muscle, H = hapatopancraas, All = clam soflltssue 
b = blank contamination <30% o1 measured concentration, B = blank contaminatton >30% of measured concentraiiDn, 
e = esbmaled value, ND = not detected, NA = not eva•lable 
Sample 10 end Fish 10 are un1que ldenllflars for each md•vldual or composite fish sample I 
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San Franczsco Estuary Institute 

Appendix Table 2b. PCB concentrations m fish, crab, and clam t1ssue samples, 1998-2000 
( contm ued). 

513100 
5/4100 
612100 
5124/00 
6/14/00 
6/15/00 
6121100 
6/21100 
6122100 
513100 
5/4100 
514/00 
612100 
612100 
612100 
511100 
511/00 
5/1100 
5124100 
5125100 
6f7100 
616100 
5116/00 
5/16100 
515100 
5/5/00 
515100 
6121/00 
6/16100 
6122100 
513100 
513100 
5/3100 

11/14/00 
11/14100 
11/14/00 
11129100 
11129100 
11129100 

511100 
511/00 
5/1100 
5124/00 
5125100 
5126100 
612100 
612100 
612100 
612100 
5/18/00 
5/18100 
5119100 
5124100 
5124100 
5124100 
6/16100 
6120100 
6120100 
319100 
319100 
319100 

9126100 
9126100 
9126100 
12118100 
12118100 
12118/00 

513100 
5/3100 
5/3/00 
619100 
619100 
612/00 
511100 
511100 
511100 
3f21/00 
3122100 
4119100 
4119/00 
9128/99 
9128/99 
9128/99 
9129199 
9129199 
9129/99 
9130199 
9130199 
9/30199 
4/6/98 
4/8198 

SF Waterfront 
SF Waterfront 
San Pablo Bay 

Berkeley 
Berkeley 
Berkeley 
Oakland 
Oakland 
Qakland 

SF Waterfront 
SF Waterfront 
SF Waterfront 
San Pablo Bay 
San Pablo Bey 
San Pablo Bay 

South Bay Bridges 
South Bay Bridges 
South Bay Bridges 

Berkeley 
Beril:eley 

San Pablo Bay 
San Pablo Bay 

South Bay Bndges 
South Bay Bridges 

Berkeley 
Berkeley 
Berkeley 
Oakland 
Qaklend 
Oakland 

SF Waterfront 
SF Waterfront 
SF Waterfront 

San Leandro Bay 
San leandro Bay 
San Leandro Bey 

/"'" San Pablo Bay 
San Pablo Bay 
San Pablo Bay 

South Bay Bndges 
South Bay Bndges 
Soulh Bay Bndgas 

Berkeley 
Berkeley 
Belteley 

San Pablo Bay 
Sen Pablo Bey 
San Pablo Bay 
San Pablo Bay 

South Bay Bndges 
South Bay Bndgos 
South Bay Brrdges 

Berkeley 
Berkeley 
Berkeley 
Qakland 
Oakland 
Qakland 
Oakland 
Oakland 
Oakland 
Oakland 
Oakland 
oakland 
Oakland 
oakland 
Oakland 

SF Waterfront 
SF Watertront 
SF Waterfront 
San Pablo Bay 
San Pablo Bay 
San Pablo Bay 

South Bay Bndges 
South Bay Bndges 
South Bay Bndges 

San Pablo Bay 
Sen Pablo Bay 

South Bay Bndges 
South Bay Brrdges 

SF Waterfront (Munr P18r) 
SF Waterfront (Munr Prer) 
SF Waterfront (Mum Pier) 

Fort Baker 
Fort Baker 
Fort Baker 

SF Waterfront (7th St P1er) 
SF Waterfront (7th St P•er) 
SF Waterfront (7th 51 Plarl 

Burlingame (South Bay) 
Frurtvale Bnclge COaklandl 

i 
i 
ii: 

Callforma Ha~bul 
Cahforma Ha~but 
Callfom1a Halibut 

Jacksmelt 
Jacksmelt 
Jacksmell 
Jacks melt 
JackS melt 
Jacks melt 
JackS melt 
Jacks melt 
Jacks mall 
Jacksmell 
Jacks men 
Jacks mall 
Jacksmell 
Jacksmall 
Jacksmeu 

Leopard Shark 
Leopard Shark. 
Leopard Shartt 
Leopard Sharit 
Leopard Shark 
leopard Shark 

Shiner Surfperch 
Shiner Surfperch 
Shmer Surfpen:h 
Shiner Surfperch 
Shiner Surfperch 
Shmer Surfperdl 
Shrner Surfpen:h 
Shiner Surfperch 
Shrner Surfperch 
Shrner Surfperch 
Shrner Surfperch 
Shrner Surfperch 
Shrner Surfperch 
Shrner Surfperch 
Shrnar Surfperch 
Shrner Surfperch 
Shrner Surfperch 
Shiner Surfoe@ 

Strrped Bass 
Stnped Bass 
Strrped Bass 
Stnped Bass 
Stnped Bass 
Stnpod Bass 
Stnped Ban 
Stnped Bass 
Stnped Bass 
StnQ8d Bass 

WhrleCroaker 
While Croaker 
WhrleCroaker 
White Croaker 
While Croaker 
WhrteCroaker 
White Croaker 
WhrteCroeker 
WhrleCroakor 
Whrle Croaker 
Whrte Croaker 
Whrte Croaker 
Whrte Croaker 
While Croaker 
Whrte Croaker 
Whrte Croaker 
Whrte Croaker 
Whrte Croaker 
Whrte Croaker 
Whrte Croaker 
Whrta Croaker 
Whrte Croaker 
Whrte Croaker 
Whrte Croaker 
Whrte Sturgeon 
While Sturgeon 
Whrle Sturgeon 
Whrte Stumeon 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Reel Rock Crab 
Red Rock Crab 
Red Rock Crab 

Tapes Japonlca Clam 
Taoes Jaoonlca Clam 

Ofl 
Ofl 
Ofl 

67 0 
91 3 
637 

8 
Ill 
u ... 

% nglg nglg ng/g ng/g na/g nqlq 

04 28 NO NO NO NO NO 
0 3 17 NO NO NO NO NO 
0 4 22 NO NO NO NO NO 

na/g 
NO 
NO 
NO 

ng!g 

NO 
NO 
NO 

nglg 

03 
02 
04 

8 
Ill 
u ... 

ng/g 
NO 
NO 
NO 

WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 

26 0 
26 6 
27 4 
26 8 
274 
27 0 
258 
284 
268 
27 2 
27 8 
27 0 
284 
27 8 
27 4 

2 6 9 NO NO NO NO NO 
2 5 17 NO NO NO NO NO 
3 0 10 NO NO NO NO NO 

NO 
NO 
NO 
1 0 
05 
05 

NO 
NO 
NO 
1 2 
08 
07 

0 2 NO 
0 3 NO 
0 3 NO 

1 5 105 NA NO 0 6 e 0 5 NO 
23 51 NA NO 03 e03 NO 

23 NO 
12 NO 

21 38 NA NO 03 e03 NO 13 NO 

Ofl 
Ofl 
on 
on 
Ofl 
OH 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 
WB 

3 92 3 
3 107 3 
3 91 3 
3 104 0 
3 126 3 
3 96 7 
20 12 2 
20 12 5 
20 13 1 
20 118 

12 1 
114 
113 
115 
114 

20 
19 
20 
20 
20 
20 
20 
20 
20 
20 

104 
99 
84 
102 
95 

1 0 20 NO NO NO NO NO NO 
1 0 26 NO NO NO NO NO NO 
1 4 32 NO NO NO NO NO 0 2 
0 8 34 NO NO NO NO NO NO 
0 6 26 NO NO NO NO NO NO 
0 7 35 NO NO NO NO NO NO 
1 2 57 NA NO 0 5 0 5 NO 0 6 
1 2 79 NA NO 0 2 0 2 NO 0 3 
14 49 NA NO 0 3 0 3 NO 0 4 
0 4 5 NO NO NO NO NO NO 
0 4 18 NO NO NO NO NO NO 
07 8 NO NO NO NO NO NO 
04 5 NO NO NO NO NO NO 
04 43 NA NO NO NO NO 03 
04 20 NA NO NO NO NO NO 
4 1 85, NO NO 0 3 e 0 3 NO 0 5 
36 103 NO NO 03 e03 NO 04 
36 100 NO NO 04 e03 NO 06 
11228 NA NO 08 e03 NO 13 
13 282 NA NO 09 e04 NO 14 
0 8 212 NA NO 0 6 e 0 3 NO 1 1 
26 102 NO NO 03 e02 NO 04 
3 8 121 NO NO 0 3 e 0 2 NO 0 4 
28 137 NO NO 03 e03 NO 05 
25 328 NO 03 13 e07 NO 21 
2 2 276 NO 0 2 1 0 e 0 6 NO 1 7 

02 04 
02 04 
03 05 
03 0 4 
NO 03 
02 04 
07 1 3 
05 09 
06 11 
NO NO 
NO NO 
NO NO 
NO NO 
04 06 
NO NO 
0 8 1 5 
o a 1 5 
10 1 7 
22 3 7 
28 4 7 
1 7 31 
07 1 5 
08 1 6 
09 2 0 
38 6 6 
2 9 52 

2 1 262 NO NO 1 0 e 0 6 NO 1 8 2 7 5 1 
30 54 NO NO 04 e03 NO 06 09 14 
31 58 NO NO 03 e02 NO 05 08 14 

WB 20 
WB 20 
WB 20 
we 20 

101 36 67 NO NO 07 eOS NO 10 14 23 
12 6 2 4 174 NA 0 2 1 1 0 8 NO 1 0 1 6 2 8 
125 26 133 NA NO 06 06 NO 07 11 20 
110 20 185 NA 43 100 71 10 44 53 82 

on 3 
Ofl 
Ofl 
Ofl 
on 
Ofl 
on 
Ofl 
Ofl 

Of! 
On 
On 
On 

51 0 0 8 53 NO NO NO NO NO 0 3 0 5 0 7 
517 07 60 NO NO 02 NO NO 04 05 08 
670 14 75 NO 02 08 e04 NO 07 09 14 
51 3 1 3 38 NO NO NO NO NO 0 2 0 3 0 5 
53 0 11 27 NO NO NO NO NO NO 0 3 0 5 
527 15 34 NO NO 02 NO NO 03 04 06 
65 7 1 1 24 NO NO NO NO NO 0 2 0 3 0 5 
48 7 1 2 51 NA NO NO NO NO NO NO NO 
48 0 1 2 34 NA NO NO NO NO 0 2 0 3 0 5 
50010 34 NA NO NO NO NO 03 04 06 
27 6 2 3 191 NO NO 0 3 NO NO 0 7 1 2 1 6 
264 27 100 NO NO 03 e02 NO 06 08 13 
274 30 128 NO NO 03 e02 NO 08 09 12 

On 24 0 4 8 281 NA 0 2 11 0 5 NO 1 9 2 9 4 2 
On 24 8 6 3 196 NA NO 0 9 0 6 NO 1 4 2 2 3 1 
On 274 57 354 NA 04 15 e09 02 24 37 53 
On 252 19 134 NA NO 07 e04 NO 11 14 24 
On 236 10 61 NA NO 03 NO NO 04 05 09 
On 24 8 1 8 149 NA NO 0 7 e 0 5 NO 1 1 1 5 2 4 
On 25 4 6 0 367 NA 0 2 1 9 a 1 0 NO 2 1 4 7 6 9 
On 256 73 313 NA NO 12 e06 NO 14 30 43 
On 280 55 263 NA NO 11 e06 NO 15 27 40 
On 238 63 324 NA 05 22 e13 02 28 44 68 
On 4 255 41 186 NA 02 10 e05 NO 13 21 30 
On 5 234 49 190 NA 03 10 e06 NO 15 22 35 
On 5 27 6 2 0 156 NA NO 0 4 e 0 2 NO 0 8 1 2 2 1 
On 5 28 6 1 8 179 NA NO 0 4 e 0 2 NO 0 8 14 2 1 
On 5 24 8 2 2 126 NO NO 0 3 NO NO 0 7 0 9 1 5 
On 5 280 49 254 NO NO 05 e04 NO 11 17 23 
On 5 286 53 220 NO NO 05 e03 NO 11 17 24 
On 5 280 44 169 NO NO 04 e02 NO 08 12 18 
On 5 27 8 2 8 229 NA NO 0 5 0 3 NO 0 8 1 4 2 0 
On 5 26 4 4 4 171 NA NO 0 7 0 4 NO 1 1 1 6 2 4 
On 5 278 40 205 NA NO 07 04 NO 11 16 24 
On 3 119 0 0 6 20 NO NO NO NO NO NO NO 0 3 
Ofl 3 143 0 1 8 54 NO NO 0 2 NO NO 0 3 0 5 1 0 
Off 3 1243 05 31 NA NO NO NO NO NO 02 04 
Ofl 3 1553 08 55 NA NO 02 NO NO NO 03 06 
M 10 12 3 0 1 4 NO NO 0 2 NO NO NO NO NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
04 
03-
NO 
NO 
10 
03 
NO 
NO 
NO 
04 
NO 
NO 
NO 
NO 
NO 
04 
NO 
07 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
02 
NO 
02 
07 
03 
07 
03 
NO 
02 
05 
06 
06 
09 
03 
03 
NO 
NO 
04 
04 
12 
03 
02 
04 
03 
NO 
NO 
NO 
NO 
NO 

M 10 12 2 0 2 7 NO NO 0 4 NO NO NO NO 0 3 NO 
H 20 123 31 87 NO NO 07 04 NO 04 06 17 NO 
M 10 11 1 0 2 6 NO NO 0 3 NO NO NO NO 0 3 NO 
M 10 113 02 2 NO NO 02 NO NO NO NO 02 NO 
H 20 11 2 4 3 109 NO NO 0 6 0 3 NO 0 4 0 7 1 8 NO 
M 10 12 1 0 2 6 NO NO 0 3 NO NO NO NO 0 3 NO 
M 10 11 2 04 4 NO NO 0 3 NO NO NO NO 0 2 NO 
H 20 117 85 181 NO NO 08 06 NO 08 12 29 NO 
All 25 NA 0 8 5 NO NO NO NO NO NO NO 0 2 NO 
All 25 NA 0 9 21 NO NO 0 3 0 2 NO 0 3 0 3 0 6 NO 

Unrts expressed as wet werght Off= Skrn-ofl muscle On= Sk•n-on muscle WB =Whole body, 
M = muscle, H = hepatopancreas, All = clam 60ft bssua 
b = blank contamrnatron <30% of measured concentralron, 8 = blank contamrnatJon >30% o1 measured concentratron 
a = estrmated value, NO = not detected NA = not available 
SFEI"' sum of 40 hsted congeners followrng SFEI standard protocol for biola 
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Appendix Table 2b. PCB concentrations m fish, crab, and clam t1ssue samples, 1998-2000 

I ( contmued). · 
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0 ! g g ~ 0 "' E I!! a. 0 

.e "' 'lii ~ ! ~ 
:I E' Ill Ill Ill Ill Ill Ill Ill Ill Ill Ill .. !!I " u u ~ ~ ~ ~ u u u !;' Q "' li: ;II ., ... ... ... ... ... 

em % ng/g !!!1!!1 ng/g ng!g !!!1!!1 ng/g ng/g ng[g ng/g ngfg ng/g 

I 
513100 SF Waterfront California Halibut Off 670 04 28 ND 02 ND ND 04 03 ND 09 1 6 05 
514/00 SF Waterfront California Halibut Off 91 3 03 17 ND ND ND ND 03 0.2 ND 08 1 0 03 
6/2100 San Pablo Ba~ California Halibut Off 63 7 04 22 ND 03 02 ND 03 03 ND 08 1 4 05 
5124/00 BerKeley JackSmelt we 26 0 26 9 ND 02 ND ND 03 03 ND 04 07 03 
6/14/00 Berkeley JackSmelt we 5 28 8 25 17 ND 03 02 ND 04 05 ND 08 11 03 
6/15/00 Berkeley Jack&melt we 5 274 30 10 ND 03 ND ND 04 03 ND 05 09 03 
6121/00 Oakland Jacksmelt we 5 288 1 5 105 02 1 7 be 1 2 09 1 8 31 1 2 38 b77 18 

I 
6/21/00 Oakland Jacksmelt we 5 27 4 23 51 ND 09 B,o 05 11 1 6 07 20 b42 1 0 
6/22/00 Oakland Jacksmelt we 5 27 0 2 1 38 ND 08 b,eO 7 04 09 1 5 08 1 5 b32 08 

• 513100 sF Waterfront Jackamell we 5 25 8 1 0 20 ND 04 03 ND 05 07 03 08 1 4 04 
514/00 SF Waterfront Jaeksmelt we 5 264 1 0 28 ND 04 03 ND 05 06 03 08 1 6 05 
514/00 SF Waterfront Jacksmell we 5 26 6 1 4 32 ND 06 03 02 06 08 03 12 20 05 
812/00 San Pablo Bay Jaeksmelt we 5 27 2 08 34 ND 04 03 ND 05 07 03 1 3 20 04 
612l00 San Pablo Bay Jack.smelt we 5 27 6 06 28 ND 04 02 ND 04 06 03 10 1 6 04 

I 
612l00 San Pablo Bay Jacksmelt we 5 27 0 07 35 ND 05 02 02 06 07 03 14 21 05 
511/00 Soutn Bay Bridges Jacksmelt we 5 28 4 1.2 57 02 1 2 08 05 11 1 6 06 1 8 34 09 
511/00 South Bay Bridges Jacksmelt we 5 27 8 1 2 79 ND 11 08 05 1 0 1 3 06 34 34 1 3 
511/00 South Ba;r: Bridges Jacksmelt we 5 274 1 4 49 02 1 0 07 04 1 0 1 4 06 1 7 31 1 5 
5124/00 8ef1(eley Leopard Shark Off 3 92 3 04 5 ND ND ND ND ND ND ND 03 ND NO 
5125/00 Berkeley Leopard Shark Off 3 107 3 04 18 ND 03 NO ND ND NO ND 09 ND 03 
smoo San Pablo Bay Leopard Shark Off 3 91 3 07 8 ND ND NO NO ND NO ND 05 ND 02 

I 
6/6100 San Pablo Bay Leopard Shar11: Off 3 104 0 04 5 ND ND NO ND ND NO ND 03 NO ND 
5/16/00 South Bay Bridges Leopard St1Br1< Off 3 126 3 04 43 ND 06 03 ND 06 09 05 1 5 26 06 
5116100 South Ba;r: Bridges LBOE!Brd Shark Off 3 96 7 04 20 ND 04 ND ND ND ND ND 11 02 04 
515/00 Bertc:eley Shiner Surfperch WB 20 12 2 4 1 85 ND 07 09 07 1 2 1 8 04 32 53 1 5 
515100 Berkeley Shiner Sun'perch we 20 12 5 36 103 ND 08 09 07 14 1 8 05 37 59 1 9 
515/00 Berkeley Shiner Sur1pon::h we 20 131 36 100 04 1 0 11 08 1 4 1 9 05 38 62 20 
6121/00 Oakland Shiner Sun'perch WB 20 11 6 11 228 02 28 b.e 1 5 1 8 34 43 1 7 98 b 17 2 51 

I 
6/18/00 Oakland Shiner Surfperch WB 20 121 1 3 282 03 37 b 21 23 45 54 22 11 7 b 21 6 61 
6122/00 Oakland Shiner Surtporch WB 19 11 4 08 212 03 23 b,e 1 4 1 5 30 36 1 4 60 b 14 7 42 
5/J/00 SF Waterfront Shiner Surfporch we 20 11 3 26 102 ND 04 08 08 1 5 21 04 32 87 16 
513100 SF Waterfront Shiner Surfperch we 20 11 5 38 121 ND 08 08 07 1 7 21 05 4 1 77 23 
513100 SF Waterfront Shiner Surfperch we 20 11 4 28 137 03 07 1 0 08 21 27 06 45 9.2 26 

11114/00 San leandro Bay Shiner Surlporch we 20 104 25 326 03 35 32 25 57 60 29 171 301 76 
11114/00 San Leandro Bay Shiner Surfperch we 20 99 22 276 03 27 24 20 44 58 22 13 8 230 58 
11/14/00 San Leandro Bay Shiner Surtperch we 20 64 21 262 03 26 24 19 44 80 22 12 5 234 80 

I 
11129100 San Pablo BQy Shiner Surfperch we 20 10 2 30 54 ND 06 07 05 07 1 4 04 24 35 09 
11/29100 San Pablo Bay Shmer Surfperch we 20 95 31 58 ND 07 07 05 1 3 1 6 05 28 47 1 4 
11129100 San Pablo Bay Shiner Surfperch we 20 101 36 67 02 1 4 11 09 1 0 18 06 30 43 1 2 
511/00 South Bay Bndges Shiner Surtperch we 20 12 6 24 174 03 21 1 8 14 20 30 09 60 10 7 29 
511/00 Soutn Bay Bridges Shiner Surtperch we 20 12 5 26 133 04 1 4 1 3 10 1 5 20 08 47 77 24 
511100 South Ba~ Bridges Shiner Surfearch WB 20 11 0 20 185 1 2 52 41 39 25 33 1 2 62 10 2 39 

5124100 Borl<oloy Striped Bass Off 3 51 0 08 53 ND 06 03 03 06 09 04 1 8 30 06 

I 
5125100 BerKeley Striped Bass Off 3 51 7 07 60 ND 07 05 03 1 0 11 08 20 34 08 
5126100 Berkeley Striped Bass Off 3 87 0 1 4 75 ND 1 3 09 06 1 2 1 8 08 22 47 11 
6/2/00 San Pablo Bay Striped Bass Off 3 51 3 1 3 38 ND 04 ND ND 06 07 04 1 3 23 05 
6/2/00 San Pablo Bay Striped Bass Off 3 53 0 11 27 ND 04 ND ND 05 08 03 1 0 1 9 04 
6/2/00 San Pablo Bay Striped Bass Off 3 52 7 1 5 34 ND 05 03 ND 05 06 04 1 2 21 06 
6/2/00 San Pablo Bay Str1pad Bass Off 3 85 7 11 24 ND 04 02 ND 05 06 03 09 1 6 05 
5/18/00 South Bay Bridges Striped Bass Off 3 48 7 1 2 51 ND 07 NO 03 ND NO ND 28 04 07 

I 
5118/00 South Bay Bridges Stnpod Boss Off 3 48 0 1 2 34 ND 04 02 ND 05 07 04 1 2 21 05 
5118/00 South Ba:t B!!mes Stnl2!!d Bass Off 3 500 1 0 34 ND 05 03 NO 06 08 04 1 3 22 05 
5124/00 Berkeley White Croaker On 5 27 8 23 191 03 1 7 08 08 22 31 1 5 58 95 23 
5124/00 Berkeley White Croaker On 5 264 27 100 02 1 2 08 08 1 3 20 09 32 55 1 4 
5124100 Berkeley White Croaker On 5 27 4 30 128 NO 1 2 07 05 1 5 21 1 0 38 64 1 6 
6/18/00 Oakland White Croaker On 5 240 48 281 05 38 20 19 44 73 34 101 19 2 42 
6/20/00 Oakland White Croaker On 5 24 6 63 196 04 26 1 9 1 3 29 52 23 71 13 0 29 

I 
B/20/00 Oakland White Croaker On 5 27 4 57 354 06 48 b,e2 5 23 56 89 42 13 3 b 260 53 
318/00 Oakland White Croaker On 5 252 1 9 134 02 1 9 b,e 1 3 09 20 33 14 45 b82 1 8 
318100 Oakland White Croaker On 5 236 1 0 81 ND 07 B,o 03 07 1 3 06 1 9 b33 08 
318100 Oakland White Croaker On 5 24 6 1 8 149 07 1 8 bo14 09 1 9 36 16 48 b90 21 

9/26/00 Oakland White Croaker On 5 254 60 367 1 5 54 b 31 28 62 108 48 14 7 b27 2 11 5 
9/26/00 Oakland White Croaker On 5 256 73 313 1 3 38 b22 1 8 42 72 32 120 b 204 92 
9/26/00 Oakland Whits Croaker On 5 260 55 263 05 33 b,e 1 9 1 6 36 65 28 99 b 169 38 

I 
12/18/00 Oakland White Croaker On 5 238 63 324 07 47 b34 23 51 101 41 121 b 231 52 
12/18100 Oakland White Croaker On 4 25 5 41 186 06 24 b,e 1 6 1 3 27 45 21 67 b 12 3 28 
12/18100 Oakland White Croaker On 5 234 49 190 1 0 25 b,e 1 7 1 3 28 51 22 89 b 12 6 28 
513/00 SF Waterfront White Croaker On 5 276 20 158 ND 1 7 b,e 0 8 06 20 35 1 5 52 b93 20 
513100 SF Waterfront Whits Croaker On 5 266 1 8 179 02 1 8 boOB 09 23 37 1 7 59 b 111 23 
513100 SF Waterfront White Croaker On 5 24 6 22 126 NO 1 3 07 07 1 7 28 12 40 71 1 7 
6/8100 San Pablo Bay White Croaker On 5 280 49 254 03 23 1 2 1 0 27 45 1 9 87 13 6 25 

I 
818100 San Pablo Bay White Croaker On 5 286 53 220 NO 25 1 2 1 2 28 45 21 80 12 9 30 
812/00 San Pablo Bay While Croaker On 5 280 44 169 03 1 8 09 08 19 33 1 5 60 93 20 
511/00 South Bay Bridges White Croaker On 5 27 8 28 229 03 22 09 09 24 37 19 80 12 3 28 
511100 South Bay Bridges White Croaker On 5 284 44 171 03 24 1 5 11 25 38 1 7 63 10 3 24 
511/00 Sou1h Ba:t Bridges White Croaker On 5 27 6 40 ;!1!5 03 ~2 1 2 1 0 23 40 18 69 11 3 24 
3121/00 San Pablo Bay White Sturgeon Off 3 1190 06 20 NO 02 02 ND 04 05 ND 08 11 05 
3122100 San PablO Bay White Sturgeon Off 3 1430 1 8 54 ND 06 04 03 07 16 04 1 8 35 06 

I 
4/19100 South Bay Bridges White Sturgeon Off 3 124 3 05 31 NO 03 ND 02 04 07 ND 1 2 1 7 05 
4/19/00 South Ba:t BnQges While Sturgeon Off 3 1553 08 55 ND 08 02 04 05 1 3 ND 21 26 08 
9/28/99 SF Waterfront (Munl Pier) Rod Rock Crab M 10 123 01 4 ND ND 02 NO ND 02 ND 03 03 ND 
9/28199 SF Waterfront (Munt Pier) Red Rock Crab M 10 122 02 7 NO 03 03 03 ND 03 ND 05 04 ND 
9/28199 SF Waterfront (Munl Pier) Red Rock Crab H 20 123 31 87 ND 1 2 1 3 07 11 1 7 07 38 45 11 
9/29199 Fort Baker Red Rock Crab M 10 111 02 6 ND 02 03 02 ND 03 ND 03 04 ND 
9/29199 Fort Baker Red Rock Crab M 10 11 3 02 2 ND ND ND NO ND ND ND NO 02 ND 

I 
9/29/99 Fort Baker Red Rock Crab H 20 11 2 43 109 02 1 2 1 4 06 1 2 1 8 08 44 54 20 
9/30/99 SF Waterfront (7th St Pun) Red Rock Crab M 10 121 02 8 ND 02 03 02 ND 03 ND 03 05 ND 
9130199 SF Waterfront (7th 51 Pier) Red Rock Crab M 10 11 2 04 4 ND ND NO 02 ND 03 ND 03 04 ND 
9130/99 SF Waterfront (7th St Pier} Red Rock Crab H 20 11 7 85 181 03 20 24 1 0 22 42 1 7 73 11 0 31 
4/8198 Burlingame (South Bay) Tapas Jsponlc:a Clam All 25 NA 08 5 ND ND 02 NO ND 03 ND 03 06 ND 
4/8198 Fruitvale Bridge (Oakland) Taoes Jaoonlc:a Clam All 25 NA 09 21 ND 05 05 ND 04 09 03 07 1 5 04 

I 
Units expressed as wet welghl ott= Skin-off muscle On= Skin-on muscle, WB =Whole body, M =muscle, H = hapatopanCI'98s 
b = blank contamination <30% of measured concentration, B =blank contamination >30% of m8asured concentration 
e = estimated value, ND = not detected 
SFEI =sum of 40 listed congeners, following SFEI standard protocol for blots 
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San Franczsco Estuary Instztute 

Appendix Table 2b. PCB concentrations m fish, crab, and clam t1ssue samples, 1998-2000 
(contmued). 
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em % Qg/g nWq ngfg nglg ng!g ng/g nglg nWq ng/g ng/q ng/g 
5/3100 SF Waterfront Cellfomra Hahbut Off 3 670 04 28 11 1 6 04 4 1 04 14 09 51 02 03 
514/00 SF Waterfront Calrfomla Hshbul Off 3 91 3 03 17 08 09 ND 24 02 10 OS 29 ND ND 
612100 San Pablo Ball Calrfomta Halibut Off 3 637 04 22 be09 1 2 03 29 03 1 2 07 37 ND 02 
5124100 Beri<oloy Jacksmelt WB 5 260 26 9 06 07 ND 1 3 ND 07 02 16 ND ND 
6/14100 Berkeley Jacksmett WB 5 266 25 17 06 1 0 02 22 ND 11 04 29 ND ND 
6/15100 Berkeley Jacksmelt WB 5 274 30 10 07 09 ND 1 5 ND 07 03 16 ND ND 
6121100 Oakland Jacksmelt WB 5 26 6 1 5 105 bSO b62 1 4 136 1 0 67 29 161 06 11 
6121100 Oakland Jacks melt wa 5 274 23 51 b27 b33 07 65 04 33 1 5 63 ND 05 
6122100 Oakland Jacksmelt wa 5 270 2 1 36 b,e2 4 b24 04 44 03 25 1 0 52 ND 04 
513100 sF Waterfront Jacks matt WB 5 25 8 1 0 20 11 1 2 03 27 02 1 8 06 32 ND ND 
514100 SF Waterfrt;mt Jacksmelt wa 5 264 1 0 26 12 15 04 35 03 1 8 08 45 ND 02 
514100 SF Waterfront Jacksmelt WB 5 266 1 4 32 14 1 6 04 45 03 2 1 09 58 ND 03 
612100 San Pablo Bay Jacks melt WB 5 272 06 34 1 4 1 6 05 46 03 21 1 0 65 ND 04 
612100 san Pablo Bay Jaeksmelt wa 5 276 06 26 11 1 3 04 36 02 1 6 08 50 ND 03 
612100 San Pablo Bay Jacksmelt WB 5 270 07 35 1 3 1 6 06 49 03 21 1 0 67 ND 03 
511100 South Bay Bridges Jacksmelt wa 5 284 1 2 57 1 8 24 07 65 07 36 1 5 67 03 05 
511100 South Bay Bridges Jacksmelt wa 5 27 8 12 79 1 9 43 1 4 111 OS 40 1 4 16 1 04 06 
511100 South Bax: Bridges Jacksmelt WB 5 274 1 4 49 1 5 21 06 54 06 33 1 3 75 ND OS 
5124/00 Berkeley Leopard Shark Off 3 92 3 04 5 ND 05 ND 11 ND ND ND 1 7 ND ND 
5125100 Berkeley Leopard Shark Off 3 107 3 04 16 ND 1 3 02 35 ND ND ND 58 NO 03 
617100 San Pablo Bey Leopard Shark Off 3 91 3 07 6 NO 06 NO 1 6 NO NO NO 27 NO NO 
618100 San Pablo Bay Leopard Shark Off 3 104 0 04 5 NO 05 ND 11 NO ND NO 1 7 NO NO 
5116100 South Bay Bridge& Leopard Shark Off 3 126 3 04 43 1 8 20 07 52 05 28 1 2 78 03 04 
5116/00 South Bel£ 8rid9!S Leol?,!rd Shark Off 3 96 7 04 20 ND 1 5 03 36 NO 02 NO 55 NO 03 
515100 Berkeley Shmar Surfperch WB 20 122 4 1 85 38 47 11 113 08 37 25 14 5 06 09 
515100 Berkeley Shiner Surfperch WB 20 12 5 36 103 31 57 14 14 6 1 0 40 30 18 9 08 11 
515100 Berkeley Shiner Surfperch wa 20 131 36 100 36 59 14 138 1 0 40 27 17 3 08 11 
6121/00 Oakland Shiner Surfparch wa 20 116 11 228 b76 b 16 7 33 356 26 77 59 348 1 9 26 
6/18100 Oakland Shiner Surfperch WB 20 121 1 3 282 b76 b 19 7 42 44 3 33 98 75 39 5 22 3 1 
6122100 Oakland Shiner Surfperch WB 19 114 08 212 b67 b 14 2 30 320 24 69 56 39 2 1 9 23 
513100 sF Waterfront Shiner Surfperch WB 20 113 26 102 33 58 11 14 3 1 4 43 3 1 18 7 06 1 2 
513100 SF Waterfront Shiner Surfperch WB 20 115 38 121 48 71 1 4 171 1 4 46 36 22 7 1 0 1 4 
513/00 SF Waterfront Shiner Surfperch WB 20 114 28 137 46 61 16 19 8 1 7 54 4 1 25 2 11 1 8 

11114/00 San Leandro Bay Shiner Surfperch WB 20 104 25 328 b 162 29 2 52 466 32 14 7 60 44 4 27 38 
11/14/00 San Leandro Bay Shiner Surfperch WB 20 99 22 278 b 12 3 24 8 44 41 7 25 109 66 41 8 24 30 
11/14100 San Leandro Bay Shiner Surfperch WB 20 64 21 262 12 3 224 4 1 382 26 109 65 37 4 22 29 
11129/00 San Pablo Bay Shiner Surfperch WB 20 102 30 54 22 29 06 7 1 04 25 1 4 92 04 06 
11129100 San Pablo Bay Shiner Surfparch WB 20 95 31 58 25 39 10 76 05 27 1 4 69 04 06 
11126100 San Pablo Bay Shmer Surfperch WB 20 101 36 67 29 36 10 61 05 32 1 7 101 04 '06 

511100 South Bay Bndges Shmer Surfperch WB 20 12 8 24 174 49 68 24 244 20 89 50 31 6 1 3 1 7 
511100 South Bay Bndges Shmer Surfperch WB 20 12 5 26 133 34 70 19 18 5 1 3 46 37 253 1 0 1 4 
511/00 South Bay: Bridges Shiner Su!!l:!erch WB 20 110 20 185 44 10 3 20 19 3 1 3 47 34 23 7 11 1 5 
5124100 Berkeley Stnped Bass Off 3 51 0 08 53 20 21 06 84 09 31 1 7 60 03 05 
5125100 Berkeley Striped Bass Off 3 51 7 07 80 27 26 09 74 07 35 1 7 10 3 04 06 
5126100 Berkeley Striped Bass Off 3 67 0 1 4 75 31 33 09 90 1 0 50 22 115 04 07 
612100 San Pablo Bay Striped Bass Off 3 51 3 1 3 38 1 5 1 7 OS 46 05 25 1 2 68 02 04 
612100 San Pablo Bay Striped Bass Off 3 530 11 27 1 2 14 04 33 03 1 8 06 45 NO 02 
612100 San Pablo Bay Strlped Bass Off 3 52 7 1 5 34 b,e 1 e 1 8 05 43 04 22 11 56 02 03 
612100 San Pablo Bay Striped Bass Off 3 657 11 24 b,e 1 3 14 04 30 03 1 6 06 38 ND 02 
5116100 South Bay Bridges Striped Bass Off 3 48 7 1 2 51 NO 33 07 90 NO 04 NO 150 04 08 
5116100 South Bay Bridges Stnped Bass Off 3 46 0 1 2 34 1 5 1 8 05 4 1 04 23 10 59 02 03 
5116100 South Sal£ Brld9;!!S Strl2!d Bass Off 3 500 1 0 34 1 6 1 7 05 4 1 04 23 10 56 ND 03 
5124100 Beri<eley White Croaker On 5 27 6 23 191 65 62 27 269 23 121 53 337 1 0 1 8 
5124100 Berkeley White Croaker On 5 264 27 100 36 45 14 129 1 2 63 26 18 0 06 09 
5124100 Berkeley White Croaker On 5 274 30 128 46 55 1 8 17 7 1 6 80 36 21 6 07 1 2 
6116100 Oakland White Croaker On 5 24 0 48 281 13 3 14 5 42 39 5 39 200 75 35 6 1 9 27 
6120100 Oakland White Croaker On 5 24 8 83 196 82 89 28 25 3 26 139 55 30 7 1 2 1 7 
6120100 Oakland White Croaker On 5 27 4 57 354 b177 b 191 51 49 2 47 254 102 44 0 20 33 
318100 Oakland White Croaker On 5 252 1 9 134 b 57 b82 1 8 164 1 6 85 36 204 09 12 
316100 Oakland White Croaker On 5 23 6 1 0 61 b,e 24 b25 08 76 07 37 1 6 97 04 05 
316100 Oakland White Croaker On 5 24 8 1 8 149 b63 b89 20 19 0 1 6 96 40 237 1 0 1 3 
9126100 Oakland Wh•te Croaker On 5 254 60 387 b 104 b 19 2 50 494 53 280 99 436 15 35 
9126100 Oakland White Croaker On 5 256 73 313 b67 b 14 3 48 43 8 42 229 86 40 5 1 3 30 
9126100 Oakland White Croaker On 5 260 55 283 b65 b 11 8 38 359 35 190 75 371- 15 24 
12116100 Oakland White Croaker On 5 236 63 324 b 124 b 16 2 45 42 7 46 24 0 87 401 1 9 3 1 
12118100 Oakland White Croaker On 4 255 4 1 186 b73 b89 28 24 3 24 126 51 299 11 1 7 
12/18100 Oakland White Croaker On 5 23 4 49 190 b61 b88 26 244 25 130 53 29 3 1 2 1 7 

513100 SF Waterfront White Croaker On 5 27 8 20 158 b67 b73 20 20 2 20 10 3 47 25 4 11 1 4 
513100 SF Waterfront White Croaker On 5 286 1 6 179 b78 b84 25 23 9 23 12 3 53 301 1 2 1 7 
513100 SF Waterfront White Croaker On 5 24 8 22 128 54 60 1 7 16 5 1 6 66 37 20 3 09 1 2 
616100 San Pablo Bay White Croaker On 5 260 49 254 93 10 2 35 36 7 26 164 76 387 1 5 23 
618100 San Pablo Bay White Croaker On 5 266 53 220 86 99 34 30 1 27 117 86 352 1 5 20 
612100 San Pablo Bay White Croaker On 5 28 0 44 169 66 71 25 23 0 1 9 112 49 293 09 1 5 
511100 South Bay Bndges White Croaker On 5 27 8 28 229 75 10 3 36 356 27 14 6 67 30 5 1 2 22 
511100 South Bay Bndges White Croaker On 5 26 4 44 171 70 62 28 22 8 1 9 109 46 28 0 11 1 5 
511/00 South Bel£ Bnd9;!!6 While Croaker on 5 27 8 40 205 87 65 29 271 24 13 3 55 354 1 3 1 7 
3/21/00 San Pablo Bay White Sturgeon Off 3 1190 06 20 b,e 11 05 03 31 02 1 3 06 36 NO 02 
3122100 San Pablo Bay White Sturgeon Off 3 143 0 1 6 54 b3 25 1 3 07 78 04 46 2 1 84 03 05 
4119100 South Bay Bridges White Sturgeon Off 3 124 3 05 31 1 2 05 04 45 03 22 1 0 57 02 03 
4119100 South Ba~ Bridges White Sturgeon Off 3 1553 08 55 1 6 1 0 08 84 05 4 1 1 7 110 03 08 
9126199 SF Waterfront (Munl Pier) Red Rock Crab M 10 12 3 01 4 03 03 NO 07 NO 02 ND 07 ND ND 
9126199 SF Waterfront (Munl Pier) Red Rock Crab M 10 12 2 02 7 03 05 NO 1 4 NO 02 ND 1 3 ND NO 
9126199 SF Waterfronl (Muni Pier) Red Rock Crab H 20 123 3 1 87 37 37 1 6 14 5 06 30 23 16 6 06 04 
9129199 Fort Baker Red Rock Crab M 10 111 02 6 03 04 NO 1 0 NO 03 NO 09 ND NO 
9129199 Fort Baker Red Rock Crab M 10 113 02 2 02 02 NO 03 NO NO NO 03 NO NO 
9129199 Fort Baker Red Rock Crab H 20 112 43 109 37 42 21 16 9 06 38 30 226 10 04 
9130199 SF Waterfront (7th SL Pier) Red Rock 6ab M 10 121 02 6 04 04 NO 08. ND 03 NO 07 NO NO 
9130199 SF Waterfront (7th SL Pier) Red Rock Crab M 10 112 04 4 04 03 NO 06 NO 04 ND 07 NO ND 
9130199 SF Waterfront (lth 51 Pier} Red Rock Crab t:! 20 11 z 65 161 71 79 31 27 6 11 87 §2 36 6 15 11 
416196 Burlingame (South Bay) Tapes Japonlca Clam All 25 NA 06 5 04 04 NO 08 NO 04 NO 07 NO ND 
416196 Fruitvale Bridge (Oakland) Ta~s Ja~nica Clam All 25 NA 09 21 15 1 2 03 23 04 1 8 07 21 ND 02 

Units expressed as wet weight Off= Skin-off muscle, On= Skin-on muscle, WB =Whole body, 
M =muscle H = hepatopancreas, AU = clam soft tissue 
b =blank contamination <30% of measured concentration, B =blank contamination >30% of measured concentration, 
e = estimated value NO = not deteded 
SFEI =sum of 40 listed congeners following SFEI standard protoool for biota 
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Appendix Table 2b. PCB concentrations m fish, crab, and clam t1ssue samples, 1998-2000 
(contmued). 
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g .!! ~ ; ~ ~ Jl <.> <.> lt <.> <.> <.> <.> lt <.> <.> ... ... ... ... ... ... ... ... ... 
'll ng/g ng/g ng/g nglg ng/g ng/g ngfg ng/g [!QIQ ng/g ng/g 

513/00 sF Waterfront CahfomJe Hahbut Off 3 670 04 28 08 03 08 24 08 23 04 NO OS 03 
5/4/00 SF Waterfront CallfomJa Hahbut Off 3 91 3 03 17 OS 02 OS 1 4 OS 1 5 02 NO 04 NO 

612/00 San Pablo Ba;t Cahfomla Hahbut Off 3 63 7 04 22 06 02 07 17 06 1 8 02 NO 04 02 
5124/00 Be/11:eley Jacksmelt WB 5 260 26 9 02 NO 02 06 02 06 NO NO NO NO 

6/14100 Berke toy JackSmett WB 5 266 25 17 OS 02 03 1 4 04 09 03 NO 02 NO 

6115/00 Berkeley Jacksmell WB 5 274 30 10 NO NO NO OS NO OS NO NO NO NO 

6/21/00 Oakland Jacksmell WB 5 26 8 1 5 105 1 6 1 2 1 8 50 24 53 06 03 06 OS 
6121/00 Oakland Jacksmell WB 5 27 4 23 51 07 OS 1 0 20 11 27 03 NO OS NO 

6/22/00 Oakland Jacksmell WB 5 27 0 21 36 OS 04 06 1 4 07 1 7 NO NO 03 NO 

5/3/00 SF Waterfront Jacksmell WB 5 25 8 1 0 20 04 03 04 11 04 1 2 NO NO 03 NO 

514100 SF Waterfront Jacksmell WB 5 26 4 1 0 26 06 04 06 1 5 06 1 8 03 NO 04 NO 

514/00 SF Waterfront Jacks men WB 5 26 6 1 4 32 07 OS 08 17 08 22 03 NO 05 NO 

6/2/00 San Pablo Bay Jacksmell WB 5 27 2 08 34 07 OS 10 20 1 0 28 03 NO 06 02 
612/00 San Pablo Bay Jacksmell WB 5 27 6 06 28 OS 03 07 1 5 07 21 02 NO OS NO 

612/00 San Pablo Bay JackS melt WB 5 27 0 07 35 08 04 09 20 1 0 27 03 NO 06 NO 
5/1100 South Bay Bndges Jacksmelt WB 5 284 1 2 57 e11 1 0 1 4 33 1 4 38 OS 02 09 OS 
511/00 South Bay Bridges Jackamolt WB 5 27 8 1 2 79 e1 6 09 1 5 46 22 56 08 03 1 2 04 
511100 South Ba:r: Bridges ~BCks[!!OII WB 5 27 4 1 4 49 e09 08 l ~ 2Z 1 2 31 04 02 08 04 
5124100 Berkeley Leopard Shark Off 3 92 3 04 5 02 NO NO 07 02 03 NO NO NO NO 
5125/00 Berkeley Leopard Shark Off 3 107 3 04 18 07 NO NO 23 08 09 03 NO NO 02 
Bfl/00 San Pablo Bay Leopan::l Shark Off 3 91 3 07 8 03 NO NO 09 04 06 NO NO NO NO 
616100 San Pablo Bay Leopard Shark Off 3 104 0 04 5 NO NO NO 06 02 04 NO NO NO NO 

5116100 South Bay Bndges Leopard Shark Off 3 126 3 04 43 e1 o 07 11 30 1 2 34 05 NO 07 03 
5116100 South Ba;t Bridges Leoeard Shark Q!l 3 96 7 04 20 e08 NO ~Q 2 1 08 1 6 04 NO 04 02 
5/5/00 Berkeley Shtnar Surfperch WB 20 122 4 1 85 22 04 22 63 21 57 09 03 11 06 
5/5/00 Berkeley Shtner Surfperch WB 20 12 5 36 103 29 OS 28 84 26 76 11 04 1 4 08 
5/5/00 Berkeley Shiner Surfperch WB 20 131 36 100 26 05 25 74 25 86 1 0 03 1 2 07 

6121100 Oakland Shtner Surfporch WB 20 11 6 11 228 59 - 0 8 43 18 7 53 13 3 22 09 22 2 1 
6116100 Oakland Shmer Surfperch WB 20 121 1 3 292 78 11 55 224 89 16 9 26 11 28 25 
6122/00 Oakland Shtner Surfperch WB 19 11 4 06 212 54 07 4 1 158 50 12 4 20 06 21 1 9 
513100 SF Waterfront Shtner Surfperch WB 20 113 26 102 31 OS 24 85 27 84 11 04 11 08 
5/3/00 SF Waterfront Shtnor Surfperch WB 20 11 5 38 121 35 OS 28 101 31 79 1 3 OS 14 09 
5/3/00 SF Waterfront Shiner Surfperch WB 20 11 4 28 137 40 OS 31 11 4' 35 85 1 4 OS 1 4 1 0 

11/14/00 San Leandro Bay Shtner Surfperch WB 20 104 25 326 59 11 54 166 58 15 6 1 9 06 1 9 1 6 
11/14100 San Leandro Bay Shtner Surfperch WB 20 99 22 276 56 06 48 152 50 14 3 1 8 08 1 7 1 6 
11/14/00 San Leandro Bay Shiner Surfperch WB 20 84 21 262 55 08 46 14 9 48 132 1 6 08 1 7 16 
11129100 San Pablo Bay Shmer Surfperch WB 20 10 2 30 54 09 02 1 3 29 1 3 37 04 NO 06 03 
11129100 San Pablo Bay Shiner Surfperch WB 20 95 31 56 1 0 03 1 3 28 1 2 34 03 NO OS 03 
11129/00 San Pablo Boy Shtner Surfperch WB 20 101 36 67 11 04 1 5 32 1 5 4 1 04 NO 07 04 
511100 South Bay Bridges Shmer Surfperch WB 20 12 6 24 174 e45 06 43 132 45 128 1 8 07 22 14 
511100 South Bay Bridges Shiner Surfperch WB 20 12 5 26 133 e37 06 33 104 36 102 1 4 05 1 7 11 
511100 South Ba;t Bridges Shiner Surfe!!:rch WB 20 110 20 165 • 31 OS ~9 85 32 68 1 2 04 1 5 1 0 
5124100 Berkeley Slrlped Bass Off 3 51 0 08 53 1 6 09 14 45 14 43 08 03 11 06 
5125/00 Berkeley Striped Bass Off 3 51 7 07 80 1 4 08 14 43 16 4 7 08 02 1 0 05 
5126100 Berkeley Striped Bess Off 3 670 1 4 75 1 5 11 1 7 48 19 49 07 03 11 08 
612100 San Pablo Bay Striped Bess Off 3 51 3 1 3 38 08 OS 1 0 27 10 30 04 NO 06 03 
612/00 San Pablo Bay Slriped Bass Off 3 530 11 27 06 04 07 1 8 07 20 03 NO 04 02 
612/00 San Pablo Bay Striped Bass Off 3 527 1 5 34 07 04 08 23 09 24 03 NO OS 03 
612/00 San Pablo Bay Striped Bass Off 3 65 7 11 24 05 03 OS 1 5 08 1 6 02 NO 03 NO 
5118/00 South Bay Bridges Striped Bass Off 3• 48 7 1 2 51 e20 NO 03 58 22 40 07 03 08 OS 
5/18/00 South Bay Bndges Striped Bass Off 3 460 1 2 34 e08 08 09 24 09 26 04 NO 06 03 
5/18/00 Soulh Ba;t Bridges Sin~ Bass Off 3 500 1 0 34 e07 OS 08 22 09 25 03 NO OS 03 
5124/00 Berkeley Whtta Croaker On 5 276 23 191 52 35 53 182 53 15 3 23 07 33 1 6 
5124/00 Berkeley White Croaker On 5 264 27 100 24 18 25 80 25 74 1 3 04 1 7 09 
5/24/00 Berkeley White Croaker On 5 27 4 30 128 32 22 36 10 7 35 10 3 1 6 OS 23 11 
6116/00 Oakland Whtte Croaker On 5 240 48 281 e83 48 60 198 64 172 28 11 35 22 
6120/00 Oakland White Croaker On 5 24 a 63 196 e42 34 44 12 8 45 12 3 1 7 07 24 1 3 
6/20/00 Oakland Whlto Croaker On 5 27 4 57 354 75 58 74 236 79 220 31 1 2 41 25 
3/a/00 Oakland White Croaker On 5 252 1 9 134 30 24 33 94 32 93 14 OS 21 11 
318100 Oakland Whtte Croaker On 5 238 1 0 61 1 5 1 2 1 8 47 1 7 50 09 03 12 06 
318/00 OaJc.Jand Wh•te Croaker On 5 24 8 1 8 149 35 26 36 106 36 101 16 06 22 1 3 
9126/00 Oakland White Croaker On 5 254 60 367 78 64 72 24 0 78 212 31 12 4 1 28 
9126/00 Oakland Whtte Croaker On 5 25 6 73 313 75 57 74 234 79 221 30 1 0 41 22 
9126/00 Oakland While Croaker On 5 26 a 55 263 62 48 64 19 3 84 18 8 25 09 36 1 8 
12118100 Oakland White Croaker On 5 23 8 63 324 71 57 64 21 9 69 18 3 28 11 36 22 
12118100 Oakland White Croaker On 4 25 5 41 186 41 30 40 11 9 43 11 5 1 7 08 22 1 3 
12/18100 Oakland WMeCroaker On 5 23 4 49 190 42 33 42 12 3 42 114 1 7 06 23 1 2 
513100 SF Waterfronl Wh•te Croaker On 5 27 6 20 156 39 26 37 120 39 112 1 9 06 26 1 4 
5/3100 SF Waterfronl Wh•le Croaker On 5 26 6 1 6 179 42 32 42 131 43 12 1 1 9 07 26 1 4 
5/3100 sF Waterfronl While Croaker On 5 24 6 22 128 30 23 31 98 3 1 90 1 6 OS 22 1 2 
618100 San Pablo Bay WhlleCroaker On 5 28 0 49 254 6 1 39 71 211 76 23 5 27 1 0 44 24 
6/8100 San Pablo Bay White Croaker On 5 28 6 53 220 59 39 59 161 58 172 22 08 34 1 7 
6/2/00 San Pablo Bay While Croaker On 5 28 0 44 169 38 28 44 121 44 135 1 6 06 27 1 3 
5/1100 South Bay Bndges WhtleCroaker On 5 27 8 28 229 e59 37 65 191 68 21 7 26 09 38 20 
5/1100 South Bay Brtdges White Croaker On 5 264 44 171 e37 27 42 109 40 12 4 1 6 06 24 12 
5/1100 South Ba;t Bridges Whtle Croaker On 5 27 8 40 205 e47 35 53 151 53 16 3 22 08 33 17 
3121/00 San Pablo Bay Whtle Sturgeon Off 3 1190 06 20 04 03 06 14 06 15 02 NO 03 NO 

3122/00 San Pablo Bay White Sturgeon Off 3 1430 1 8 54 07 04 19 22 1 4 45 03 NO 04 02 
4119/00 South Bay Bridges White Sturgeon Off 3 124 3 OS 31 e06 OS 11 20 09 28 04 NO OS 03 
4119100 South Ba;t Bridges Whtle Sturgeon Off 3 1553 08 55 e09 06 1 7 34 16 49 06 NO 07 04 
9128199 SF Waterfront (Munl Pter) Red Rock Crab M 10 12 3 01 NO NO NO NO NO 03 NO NO NO NO 

9128199 SF Waterfront (Muni P1er) Red Rock Crab M 10 12 2 02 NO NO NO 04 NO 08 NO NO NO NO 
9128199 SF Waterfront (Munl P1er) Red Rock Crab H 20 123 31 87 1 4 04 22 52 1 3 70 06 NO 06 04 
9129199 Fort Baker Red Rock Crab M 10 111 02 6 NO NO NO 03 NO 04 NO NO NO NO 
9129199 Fort Baker Rod Rock Crab M 10 11 3 02 2 NO NO NO NO NO NO NO NO NO NO 

9129/99 Fort Baker Red Rock Crab H 20 112 43 109 1 9 08 29 85 16 94 08 NO 07 OS 
9130199 SF Waterfront (7th St Pter) Rod Rock Crab M 10 121 02 6 NO NO NO 02 NO 03 NO NO NO NO 

9130199 SF Waterfront {7th St Pter) Red Rock Crab M 10 11 2 04 4 NO NO NO NO NO 03 NO NO NO NO 
9130/99 SF Waterfront (7th Sl Pter} Red Rock Crab H 20 117 85 181 24 08 41 90 36 13 9 1 0 02 08 07 
4/8198 Bur1mgame {South Bay) Tapes Japontca Clam All 25 NA 08 5 NO NO NO 03 NO 04 NO NO NO NO 
418198 Fruttvale Bndge (Oakland} Ta~ Jai!Qn•ca Clam All 25 ~A 09 2] 04 04 04 1 0 03 09 NO NO 02 NO 

Untts expressed as wet weight Off= Skin-off musde, On= Skin-on muscle, WB =Whole body, 
M = muscle, H = hepatopancreas, All = clam soft IISsuo 
b =blank contamination <30% of measured concenlralton, B = blank contamtnatlon >30% of meas,ured concentretton, 
e = est•mated value, NO= not detacled 
SFEI =sum of 40 listed congeners, followmg SFEl standan::l protocol for btola 
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San Franczsco Estuary Instztute 

Appendix Table 2c. Pest1c1de concentrations m fish, crab, and clam t1ssue samples, 1998-2000. 

I 
l 1 i ~ ~ 

I J !!!. 
e 2 t !I !I e s i l < "& & -II i! " w :; " w :; 

1 e c . i " " " " " " ~ 
.. 

! ~ f e 
~ i " " " " ~ " ~ ~ ~ ~ :z: ! : 0 -~ -~ } "i -~ .. .. 

"" "" .. l\ ogl9 ogl9 ogl9 ogl9 ogl9 ogl9 ngla ngfg 

C003601 134 """' SF Waterfronl CaUiamaa Halibut Oft 3 55 64, 82 670 04 764 77 ND NO NO NO 77 NO NO 

I 
C003602 135 514/UO SF Waterfront C8l!lornlaHallbul Oft 3 84 92 98 913 03 761 49 ND ND ND ND 49 ND NO 
C005601 167 612!Q(] Son Pablo Ball California Hahbut Oft 3 55 61 75 637 04 773 60 ND NO ~D ~D 60 ND ~D 
C004301 142 5124/00 Ber1<81ey Jacksmall W8 ' 24-28 260 26 748 181 ND ND ND ND 161 ND ND 
COD4302 143 6/14100 ....... , Jad<smell W8 ' 25 26 268 25 737 164 ND ND ND NO 164 NO NO 
C004303 144 8115/00 Bei1UIIey J-1 WB ' 28 28 274 30 738 321 ND ND NO ND 321 ND ND 
C002301 121 8121100 Dokl""" .tacksmell W8 ' 25-30 288 " 748 198 ND NO NO 47 148 NO NO 
C002302 122 8121/00 Dokl""" JocQmell W8 ' 28·28 274 23 752 179 NO NO NO 23 158 NO NO 
C002303 123 8f22IOO ~ -1 W8 ' 25-29 270 21 748 137 ND NO NO 27 ... NO NO 
C003301 131 5l3o1lO SF Waterfronl: Jac:ksmall W8 ' 24 27 258 I 0 785 219 • NO NO NO NO 219 NO NO 

I 
C003302 132 51«100 SF Watarfront -1 W8 5 25-28 264 I 0 768 285 NO NO NO NO 265 NO NO 
C003303 "' 514100 SF Waterfront J.-..ol W8 5 25 28 268 14 757 308 NO NO NO 23 263 NO NO 
C005301 157 812!00 San Pablo Bay Jacksmell W8 ' 26-28 272 08 782 204 NO NO NO NO 204 ND ND 
C005302 158 812100 San Pablo Bay -smell WB ' 27 28 276 08 779 205 ND ND ND ND 205 ND ND 
C005303 159 8f2IOO Son Pablo Bay Jacksmell W8 ' 25-29 270 07 772 283 ND ND ND ND 263 ND ND 
C001301 94 511/00 South Bay Bridges Jacksmell W8 ' 27 29 284 " 764 196 ND ND NO 33 163 NO NO 
C001302 95 511100 South Bay Bnclges Jackamall W8 5 27 28 278 " 788 284 ND ND NO 32 232 NO NO 
~]~3 .. ~1!QQ §s!yll:l U:i:t D!:!S!Q!UI .1!!25!!!!!!!:11 ll!ll "5 2§ ~ 274 14 l§ ~ 2§§ ~0 r:t!2 HR ~~ 25~ ~g HQ 

I 
C004402 146 5124/00 Berkeley ..._ .. Stwk Oft 3 92 92,93 623 04 77 NO NO NO NO NO NO NO NO 
C004403 147 5125100 Berkflley -Stwk Oft 3 99 110 113 1073 04 772 80 NO NO NO NO 80 NO NO 
C005403 182 8J8fOO San Pablo Bay -Stwk Oft 3 98,107 107 1040 04 773 , NO NO NO NO , NO NO 
C005402 161 Bn/00 San Pablo Bay ..._ .. Stwk Oft 3 90 91 93 913 07 788 43 NO NO NO NO 43 NO NO 
C001404 100 5118f00 Soulh Bay Bridges -Stwk 011 3 120 125 134 1283 04 775 155 NO NO NO 23 132 NO NO 
C00140J 97 5118100 Soulh Balf BndQ!!! ~n:IShark 011 3 82 sa 100 967 •• 78 59 NO NO NO NO 59 NO NO 
C004501 148 5124100 ...... ., Striped Bass Oft 3 ~51 54 510 08 777 167 NO NO NO 30 137 NO NO 
C004502 149 5125/00 ...... ., Striped Bass Oft 3 51 51 5J 517 07 776 389 NO NO NO 42 347 NO NO 

I 
C004503 ISO 5128100 Berkeley Striped Bass OR 3 61 62,78 670 14 767 ,. NO NO NO ., 263 NO NO 
C005501 163 812!00 San Pablo Bay Stnpecl Bass Oft 3 4S 51,58 513 , 772 245 NO NO NO 39 206 NO NO 
C005502 184 8I2!Q(] Son Pablo Bay Striped Bass Oft 3 50 54,55 530 , 765 160 NO NO NO 2Q 131 NO NO 
C005503 185 8f2IOO San Pablo Bay Striped Bass Oft 3 50 51 57 527 ,. 755 185 NO NO NO 37 148 NO NO 
C005504 188 812100 San Pablo Bay Slnped Bass Oft 3 60 62,75 857 , 78 252 NO NO NO " 226 NO NO 
C001501 101 5118100 Soulh Bay Bridges ,.,.,., Bass Oft 3 47 49 50 487 12 77 221 NO NO NO NO 221 NO NO 
C001502 102 5118100 Soultt Bay Bndges StnpeciBass Oft 3 45,47, 52 480 12 772 147 NO NO NO 23 124 NO NO 
~1503 103 5118100 Soulh ~ Br1CIQ!S Str1J!!!!Bas& Oft 3 48 47 57 SOD I 0 776 270 NO NO NO 32 236 NO NO 

I 
C004201 ,. 515100 ...... ., """"' .. """"" W8 20 11-13 122 4 I 756 383 NO NO NO 68 277 NO NO 
C004202 140 515100 ..,...., Shiner &lr1perch W8 20 " 14 125 38 786 409 NO NO NO 88 321 NO NO 
C004203 141 515100 Berkeley Shlner5u$erch W8 20 " 15 131 36 78 I 488 21 NO NO 123 342 NO NO 
C002202 

,. 8116100 Oakland Shlner&l~rd'l W8 20 , IS 121 " 784 496 NO NO NO 114 323 59 NO 
C002201 118 6121/00 Doklend Shlner&lrfperch W8 20 10-13 118 " " 458 NO NO NO 106 273 77 NO 
C002203 120 6122/00 Oakland ShlnarSur1pert:ll we " 10 14 114 08 799 301 NO NO NO 68 233 NO NO 
C003201 128 513100 SF Waterfrom ShlnarSu$arch W8 20 10-14 113 26 77 250 NO NO NO 48 204 NO NO 
C003202 129 513100 SF Walerfronl ShlnerSurfperch W8 20 10-13 115 38 759 340 NO NO NO 85 275 NO NO 
C003203 130 513100 SF Waterlroru Shln&r'Surlparch W8 20 10-13 114 28 783 333 NO NO NO 64 2 .. NO NO 

I 
C008201 ,. 11114f00 San Leandro Bey ShlnarSurlpen;h W8 20 9 12 104 25 774 453 26 NO NO 186 281 NO NO 
C008202 "' 11114100 Sanl.eandl'oBay SNn«Swtpe"" W8 20 9 " 99 22 774 417 22 NO NO 142 253 NO NO 
C008203 172 11/14f00 San leandro Bay """"'...,., W8 20 8-10 84 21 776 425 25 NO NO 165 235 NO NO 
C005201 154 11128100 San Pablo Bay SNn«Su""""" W8 20 8-12 102 30 774 235 NO NO NO 80 175 NO NO 
C005202 ISS 11f28JIJO San Pablo Bay Shiner Surfpen:h W8 20 9 , 95 , 784 211 NO NO NO 56 IS3 NO NO 
C005203 158 11f28JIJO San Pablo Bay Shln8r SUrfpen:tl W8 20 9 12 101 36 762 260 NO NO NO 60 200 NO NO 
C001201 " 511/00 Soulh Bay 8r1Gges """'"' .. _ W8 20 , IS 128 24 789 ... NO NO NO 77 374 NO NO 
C001202 92 511/00 South Bay Brtdgos ShlnerSurfpen:h W8 20 11-14 125 28 773 379 NO NO NO 61 318 NO NO 

I 
C001203 " 511100 South 8alf811dQ!S ShlnerSuct2!;rd'1 we Ill 10-14 ,. 20 778 334 NO NQ NO 10 284 NO NO 
C005701 188 3/21/00 San Pablo Bay While Sturgaon 011 3 115 117 125 1180 08 796 79 NO NO NO NO 79 NO NO 
C005702 169 3122100 San Pablo Bay WhiiB Sturgeon Oft 3 133, 147 149 1430 18 782 316 NO NO ND 81 235 NO NO 
C001701 104 4119/00 Soulh Bay Bridges 'Nh.IIB Sb.lfVBOn Oft 3 121 122 123 1243 06 797 96 NO NO NO NO 98 NO NO 

~lZQ~ 1Q5 4/]li!lm! ~ltlllBJt:ft~s Wttl!!; S[U!liBO!J Oft 3 ]~ ]~9 ]82 155~ Q§ Zll lll ~ ~Q NQ ~Q u 12!:! ~Q ~Q 
C004101 136 5124100 Bel1te!ay Whlta Croakar On 5 24-29 276 23 749 572 NO NO NO 108 466 NO 34 
C004102 137 5124100 ....... , WhllBCroakar On 5 24·28 264 27 761 316 NO NO NO 68 250 NO NO 
C004103 138 5124100 .....,,, Whlta Croaker On 5 25-29 274 30 766 387 NO NO NO 79 308 NO NO 

I 
C002104 109 3f6IOO Oakland WhiiBCmalw On 5 23-27 252 " 745 1000 28 NO NO ... 432 77 82 
C002105 110 3f8fOO Doktond White Croalw On 5 22-25 238 I 0 78 204 NO NO NO so 154 NO NO 
C002108 111 3f!IIOO ~ Whi!DCroakDr On 5 21-28 248 I 8 757 337 NO NO NO 86 251 NO NO 
C002101 108 6/18100 Ottldo"" Whi!DCID8ll:ar On 5 21·28 24 0 48 74 732 NO NO NO 182 487 63 48 
C002102 107 6120100 Daklencl WhltDCroakar On 5 22-28 246 63 74 821 NO NO NO 153 418 so ., 
C002103 106 612(l/00 ~ White Croaker On 5 24-29 274 57 738 942 NO NO NO 178 594 72 49 
C002107 112 9126100 Dokland WhllBCroaker On 5 22-29 254 80 732 603 NO NO NO 223 .,. 70 53 
C002108 , 9126/00 Oakland WhttaCroalulr On 5 22-30 258 73 726 613 NO NO NO 159 579 75 48 
C002109 ,. 9126100 Dokland Whl!aCroakDr On 5 21-30 260 55 731 733 NO NO NO 152 525 •• 45 

I 
C002110 "' 12/18100 Doklend 'Nhll.aCroakef On ' 21-30 238 63 73 621 NO NO NO 251 502 66 61 
C002111 118 12/18100 Dokland WhttoCmalw On 4 22-29 255 41 741 48 I NO NO NO 118 345 NO 35 
C002112 , 12/18100 ea•an<t WhltoCroakar On 5 21-27 234 " 739 514 NO NO NO 187 327 NO 46 
C003101 125 513100 SF Wat8rfrord White Croaker On 5 25 30 276 20 774 522 NO NO NO 104 418 NO 32 
C003102 126 513100 SF Watarfronl WhhD Croaker On 5 25 28 286 16 776 511 NO NO NO 95 416 NO , 
C003103 127 513100 SF Wa!erfront WhltoCroakDI' On ' 22-27 248 22 783 380 NO NO NO 84 298 NO NO 
C005103 153 812!00 San Pablo Bay WhtleCroakar On 5 25-30 280 .. 742 859 NO NO NO "' 524 NO 36 
C005101 151 8f8IOO San Pablo Bay White Croaker On 5 23-30 260 " 747 1130 NO NO NO 192 871 67 53 

I 
C005102 152 Sl8fOO San Pablo Bay WhltaCroakar On 5 27-30 286 53 736 104 6 NO NO NO 219 763 84 80 
C001101 88 S/1/DO South Bay Bridges Whi!DCroakar On 5 28·30 276 28 759 812 NO NO NO 104 508 NO 30 
C001102 69 511100 Soulh Bay Bridges Whl!eCroakar On 5 24-30 284 44 743 527 NO NO NO 106 41 g NO NO 

~Qllg3 •• ~1/IlQ Soy!h ~ll Brl!lm!l ~IJaCroaker Do 5 ~~~- ~Q 2H! H! 7§ ~ 6;)4 NO NQ ~Q 120 514 Ng j4 
C993Alll 9I2Mlll SFWatarlron!(MuniPiar) Red Rod< Cntb M 10 10 15 123 01 829 22 NO NO NO NO 22 NO NO 
C993A02 9/2111911 SF WaiBrfront (Munl Pier) Red Rod< Cntb M 10 10 15 122 02 79 70 NO NO NO NO 70 NO NO 
C993A03 9128199 SFWaiBr'froni(MuniPiar) Red Rod< Cntb H 20 10-15 123 " 843 738 NO NO NO NO 739 NO NO 
C993B01 9129199 F~Bakar Red Roci<Cntb M 10 10 " 111 02 79 NO NO NO NO NO NO NO NO 

I 
C993B02 9/29199 For18akar Red Rod< Cntb .. 10 10 13 113 02 824 NO NO NO NO NO NO NO NO 
C993803 9129189 Fort Baker Retl Rock Cntb H 20 10 13 112 43 794 488 NO NO NO NO 486 NO NO 
C993C01 91301911 SF Watarfmnt (7th 51 Plar) Retl Roci<Cntb M 10 10-13 121 02 778 NO NO NO NO NO NO NO NO 
C993C02 91301911 SFWaterfront(7tn51 Plar) Retl Rod< Cntb M 10 10 13 112 04 769 NO NO NO NO NO NO NO NO 
C993C03 9130199 SF Wlltarfrtlnl (7th SL PlaQ R&d Roc* Crab H 20 10 13 117 85 728 635 NO NO NO 22 813 NO NO 
C981A01 418198 Burlingame (South Bay) Tapes Japonlca Clam All 25 37-4 5 NA 08 868 NO NO NO NO NO NO NO NO 
C982A01 418198 Frultvora Bridge ,oakland} TilE!!! J!!!!Qnlca Clrtm All 25 33-45 NA 09 88] 42 NO NO NO •• 22 NO NO 

I 
Units axpressad as wei wolghl NO .. Not dotect8d NA .. Noi8V8Uabla 
orr .. Skln-ofl musdo On .. Skin-on muscle WB "' Whole body M " Cmb muscle H "' Crab 1\apatopancraas All " Clam son tissue 
Total DOTs (SFEI)"' sum of 6 lls!ed DOTs but not lncludrng p p' DDMU folloWing SFEI RMP protocol . p,p·ODMU Is not !ncludad In Tollll DOTs (SFEI) 
Sampla tO and Fish 10 111111 unlqua b:lantlftanl for aact1 lndMdual or c:ompo&l!a fish sampta 

I 
I 
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Appendix Table 2c. Pest1c1de concentrations m fish, crab, and clam t1ssue samples, 1998-2000 
(contmued). 

5/3100 
514100 
6I?!QO 

5124100 
6/14/00 
6/15100 
6121/00 
6121/00 
6122100 
Sf.l/00 
514/00 
514100 
612100 
612100 
612100 
511100 
S/1/00 
511/00 
5124100 
5125100 
5/6100 
517/00 
5116100 
5/1fl/OO 
5124100 
5125100 
5126100 
612100 
512/DO 
6/2100 
612100 
5/18100 
5/18100 
5118/00 
5/5100 
5/5100 
515/00 
6/16/00 
6121100 
6122100 
SfJ/00 
SfJ/00 
5/3100 

11114/00 
_11114/llO 
11114100 
11129100 
11J29/DO 
11129/00 
511/00 
511/00 
511100 
3/21/00 
3122/DD 
4/19100 
4119100 
5124100 
5124100 
5124/00 
318100 
318100 
319100 

6/16/00 
6120100 
6120100 
9/26/DD 
9126100 
9/26100 
12116100 
1ZI18!DD 
12118100 
513100 
5/3100 
513100 
612100 
618100 
618100 
511100 
511100 
511100 
9128/99 
9126/99 
9126/99 
9129199 
9129199 
9/2l}/99 

9130199 -9130199 
418198 
418199 

SF Watarlront 
SF Waterfront 
sanPahtoaav 

Berk&lsy 
B-y 
BOfl<eley 
Oakland 
Oakland 
Oaldat\d 

SF Waterfront 
SF Wilterfrtmt 
SF Waterfront 
San Pablo Bay 
San Pablo Bay 
San Pablo Bay 

South Bay Bndges 
South Bay Bndges 
SouJh Bey Bfldges 

BOfl<eley 
Berkeley 

San Pablo Say 
San Pablo Bay 

SO..., Bay Bridges 
South Bav Br!dg&s 

BOfl<e!Oy 
BOfl<eley 
BOfl<e!Oy 

S!mPabloBay 
S8rl Pablo Bay 
S!mPabloBay 
San Pablo Bay 

SOuth Bay Bridges 
South Bay Bridges 
South Bay Br!Ciqes. 

BOfl<eley 
Berkeley 
Berkeley 
Oakland 
Oakland 
Oai!Jand 

Sf Waterfront 
SF Waterfront 
SF Waterfront 

san Leandro Bay 
San learu::tm Bay 
san Leandro Bay 
san PablO Bay 
S!mPabloBay 
San Pablo Bay 

So""' Bay Bndg&S 
SOuth Bay Bndg&S 
SOuth Bay Bndoes 

San Pablo Bay 
San Pablo Bay 

South Bay endges 
§oulh Bay Bndoes 

Berkeley 
Berkeley 
Berkeley 
OakUmd 
Oaldand 
O.ldand 
Oa'klaod 
Oal!land 
Oakland 
Oakland 
Oa<!and 
O.k!and 
oa ... nd 
O.kland 
O.k!and 

SF Waleffront 
Sf Walitrfront 
SF Waletftont 
San Pablo Bay 
Ssn Pablo Bay 
San Pebto Bay 

South Bay Bndges 
South Bay Bndges 
SOuth Bay Bftdaes 

SF Waterfront (Mutll P1et) 
SF Waterfront (MUI'Il Pter} 
SF Waterfrool {Mul'u P1er) 

FortSakar 
fort8a:ker 
Fort Baker 

SF Waterfront (7th St Ptet} 
SF Watartmnt (7tn St P>81) 
SF Watarfront {7th Sl P!9!) 

Burtlngame (Soutn Bay) 
Fru!lval& Sndg& fOak!andl 

Cal!fornta Halibut 
Cahfomia Ha!1but 
Cahfom!a Halibut 

Jacksmell 
Jael<smelt 
Jacksmolt 
J&cksmell 
J&cksmelt 
Jacklimall 
Jecksmell 
Jack.smalt 
Jacksmelt 
Jacks melt 
Jacksme!l 
Jacksme!l 
Jack$1l'lelt 
Jacksmelt 
Jack:smelt 

Leopard Shark. 
Leopard Shark 
Leopard Shark 
Leopard Shari( 
leopard Shark 
Leooani Shart 
Stnpe4 !las$ 
Stnpe4 !las$ 
StnmBass 
Strlpe4 Bass 
Striped Bass 
StrlpodBass 
StnpodBa$S 
Stnped Bess 
Striped Bass 
Stnped Bass 

Sh1nar Surlperch 
Shtnet Surfperch 
Stlmer Surtperch 
Sh1ner Surfperch 
Shmer Surtperch 
Shiner S1.1rtperch 
Shmer Surfperch 
Sh1ner St.lrfperch 
Shiner Surfper'Ct\ 
Shiner Surfperd\ 
Shtner Surfporch 
ShinerSurfpert:h 
Shiner Sur1parch 
Shiner Sur1parch 
Shlnat Surfpomo 
Shlruor Surfpomo 
Shiner Surfpofoo 
5rnner Surfpereh 
Whll8St:urgeon 
Whtle Sturgeon 
Wl'ute Sturgeon 
WtnteSturgaon 
WMaCroak&r 
White Croaker 
White Croaker 
White Croaker 
Wnlte Croekar 
Wtuts Croaker 
Wtuta CroakEH 
WMaCroaker 
WMaCroaker 
White Croaker 
Wtute Croaker 
White croaker 
Wt'ute croaker 
White Croaker 
White Croaker 
WhttaOoaker 
Whde Cloaker 
WhlteCroaker 
WhrteCtoaker 
Whrte Croaker 
WMeCroakar 
White Croaker 
White Croaker 
WMeCroaker 
RodRocl<Crab 
Rod)~ook Crab 
Rod Rook Crab 
Rod Roc!< Crab 
RedRocl<Crab 
Red Rock Crab 
Red Rock Crab 
Rod Rock Crab 
RedRockCmb 

Tapes Japonice Cfam 
Tapes Japomca Clam 

Off 3 
Off 3 
on 3 
WB 5 
WB 5 
WB 5 
WB 5 
WB 5 
WB 5 
WB 5 
WB 5 
we 5 
WB 5 
WB 5 
we 5 
we 5 
WB 5 
WB 5 
01! 3 
01! 3 
Off 3 
011 3 
Off 5 
011 3 
011 3 
011 3 
01! 3 
011 3 
011 3 
01! 3 
01! 3 
08 3 
01! 3 
011 3 
WB 20 
WB 20 
wa 20 
WB 20 
WB 20 
we 19 
WB 20 
WB 20 
WB 20 
ws 20 
wa 20 
we 20 
WB 20 
WB 20 
WB 20 
WB 20 
ws 20 
wa20 
011 3 
08 3 
011 3 
08 3 
On 5 
On 5 

'On 5 
On 5 
On 
On 
On 
On 
On 
On 
On 
On 
On 
On 4 
On 5 
On 5 
On 5 
On 5 
On 5 
On 5 
On 5 
On 5 
On 5 
On 5 
M 10 
M 10 
H 20 
M 10 
M 10 
H 20 
M 10 
M 10 
H 20 
All 25 
A!l 25 

Untts axpras&ed as wei we~ghl e ; EGtlma1Sd value, NO = Not detected 

670 
913 
637 
260 
2116 
274 
2118 
2H 
270 
258 
264 
266 
272 
276 
270 
284 
27 8 
274 
923 
107 3 
104 0 
913 

126 3 
967 
510 
517 
670 
513 
530 
52 7 
65 7 
467 
460 
500 
122 
12 5 
131 
121 
116 
11 4 
113 
115 
114 
104 
99 
84 
102 
95 
101 
126 
12 5 
110 

1190 
1430 
1243 
155 3 
276 
264 
274 
252 
236 
2• a 
24 0 
24 8 
27 4 
254 
256 
260 
238 
255 
234 
276 
266 
246 
280 
28 0 
28 6 
27 8 
264 
27 8 
12 3 
12 2 
12 3 
111 
11 3 
112 
121 
112 
117 
NA 
NA 

04 
03 
p4 

2S 
25 
30 
15 
23 
21 
10 
10 
14 
OS 
06 
07 
12 
12 
14 
04 
04 
04 
07 
04 
04 
08 
07 
14 
13 
11 
15 
11 
12 
12 
1 Q 

41 
36 
36 
13 
11 
08 
26 
38 
26 
25 
22 
21 
30 
31 
36 
24 
26 
20 
06 
18 
05 
08 
23 
27 
30 
1 9 
10 
18 
48 
63 
57 
60 
73 
55 
63 
4 1 
49 
20 
18 
22 
44 
4Q 
53 
28 
44 
40 
01 
02 
31 
02 
02 
43 
02 
04 
as 
08 
09 

NO 
NO 
NO 
NO 
NO 
NO 
25 
12 
13 
NO 
NO 
14 
11 
NO 
12 
58 
29 
33 
NO 
NO 
NO 
NO 
1 2 
NO 
12 
16 
57 
12 
NO 
10 
11 
15 
NO 
14 
20 
24 
41 
18 5 
12 8 
101 
1 9 
2 1. 
21 
255 
21 9 
260 
42 
16 
62 
160 
101 
100 
NO 
16 
11 
15 
82 
22 
47 
57 
1 5 
53 

15 3 
91 
18 6 
222 
121 
120 
171 
57 
54 
54 
79 
45 
94 
143 
136 
119 
14 7 
12 5 
NO 
NO 
28 
NO 
NO 
38 
NO 
NO 
50 
NO 
NO 

I 
t 

nWg 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
24 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
22 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
24 
59 
48 
35 
NO 
NO 
NO 
71 
63 
83 
20 
NO 
32 
55 
35 
35 
NO 
NO 
NO 
NO 
24 
NO 
20 
25 
NO 
23 
45 
32 
52 
69 
39 
39 
55 
26 
26 
22 
22 
20 
27 
37 
39 
34 
43 
39 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

! 

I 
i. 

ng/g 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NQ 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
23 
NO 
NO 
NO 
NO 
NO 
30 
25 
35 
NO 
NO 
NO 
23 
NO 
NO 
NO 
NO 
NO 
NQ 
NO 
NO 
NO 
NO 
NO 
NO 
23 
NO 
27 
34 
NO 
NO 
31 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
20 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

rtglg 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
35 
27 
22 
NO 
NO 
NO 
46 
41 
47 
NO 
NO 
NO 
37 
25 
24 
NO 
NO 
NO 
NO 
23 
NO 
NO 
NO 
NO 
NO 
32 
22 
39 
44 
33 
32 
33 
NO 
NO 
NO 
21 
NO 
27 
42 
39 
35 
31 
33 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
No 

Off .. Skin-off muSCle, On = Skin-on muscle, wa • Whole body, M = Crab mUlde, H = Crab l'lepatopancreas, Ali .. Clam son tiSsue 
Tots! Ch!ordsnes (SFEl): Sum of 5 chlo!tlanas, roBowing SFE! RMP proloool 
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I 
i 

ng!g 
NO 
NO 
NO 
NO 
NO 
NO 
25 
12 
13 
NO 
NO 
14 
11 
NO 
12 
34 
2Q 
33 
NO 
NO 
NO 
NO 
12 
NO 
12 
16 
35 
12 
NO 
10 
11 
15 
NO 
14 
20 
24 
24 
68 
53 
44 
19 
21 
21 
88 
79 
82 
22 
16 
30 
65 
41 
41 
NO 
18 
11 
15 
35 
22 
26 
32 
1 5 
29 
53 
37 
68 
75 
49 
49 
53 
31 
28 
32 
36 
24 
40 
63 
58 
51 
53 
53 
NO 
NO 
17 
NO 
NO 
21 
NO 
NO 
30 
NO 
No 

NO 
NO 
NQ 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

il 
1 w 

~ 

! 
ng/g 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

J 
1 
nglg 
NO 
NO 
Np 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
No 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

e14 
e11 
814 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
12 
NO 
NO 
1 7 
NO 
NO 
20 
NO 
NO 
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San Francisco Estuary lnstztute 

Appendix Table 2c. Pest1c1de concentrations 1n fish, crab, and clam t1ssue samples, 1998-2000 

I (contmued). 
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I 
em % ngtg nglg nqlg no!g ng/g ng/g nglg nplg ngJg ng/g 

513100 SF Waterfront Cahfom1a Halibut Off 670 04 NO NO NO NO NO NO NO NO NO NO 
514100 SF Waterfront Gahfomta Halibut Off 913 03 NO NO NO NO NO NO NO NO NO NO 
6/2/00 San Pablo Ba:t Calrfom•a Halibut Q!! 63 7 Q4 NO ~D ~Q NO NO NO NO NO ND ND 
5124100 Berkeley Jacksmell WB 5 26 0 26 NO NO NO NO NO NO NO NO NO ND 
6/14100 Borkeley Jacks mall WB 5 26 6 25 NO NO NO NO NO NO NO NO NO NO 
6/15100 Berkeley Jacksmelt WB 5 274 30 NO NO NO NO NO NO NO NO NO NO 

I· 
6/21100 Oakland Jacksme11 WB 5 26 6 1 5 NO NO NO NO NO NO NO NO NO NO 
6121100 Oakland Jacksmelt WB 5 27 4 23 NO NO NO NO NO NO NO NO NO NO 
6122100 Oakland Jacksmelt WB 5 27 0 2 1 NO NO NO NO NO NO NO NO NO NO 
513100 SF Waterfront Jacksmett WB 5 25 6 1 0 NO NO NO NO NO NO NO NO NO NO 
514100 SF Waterfront Jacksmell WB 5 264 1 0 NO NO NO NO NO NO NO NO NO NO 
5/4/00 SF Waterfront Jacksmelt WB 5 26 6 1 4 NO NO NO NO NO NO NO NO NO NO 
612100 San Pablo Bay Jacksmelt WB 5 27 2 08 NO NO NO NO NO NO NO NO NO NO 

I 
612/00 San Pablo Bay Jacksmelt WB 5 27 6 06 NO NO NO NO NO NO NO NO NO NO 
612100 San Pablo Bay Jacksmelt WB 5 27 0 07 NO NO NO NO NO NO NO NO NO NO 
511100 South Bay Bndges Jacksmell WB 5 284 1 2 NO NO NO NO NO NO NO NO NO NO 
511100 South Bay Bndges Jacksmell WB 5 27 6 1 2 NO NO NO NO NO NO NO NO NO NO 
511/00 Soul!l Sax Bnd~s Jacksmelt WB 5 274 1 4 NO NO ND NO NO NO NO NO NO NO 
5124100 Ber1<eley Leopard Shark Off 3 923 04 NO NO NO NO NO NO NO NO NO NO 
5125100 Berkeley Leopard Shark Off 3 107 3 04 NO NO NO NO NO NO NO NO NO NO 

I 
616100 San Pablo Bay Leopard Shark Off 3 104 0 04 NO NO NO NO NO NO NO NO NO NO 
617100 San Pablo Bay Leopard Shark Off 3 91 3 07 NO NO NO NO NO NO NO NO NO NO 
5116100 South Bay Bndges Leopard Shark Off 3 126 3 04 NO NO NO NO NO NO NO NO NO NO 
5116100 South Sa)! Bridges Lao~rd Shark Off 3 9§7 04 NO NO NO NO NO NO ~0 NO ~0 NO 
5124100 Berkeley Stnpad Bass Off 3 51 0 08 NO NO NO NO NO NO NO NO NO NO 
5125100 ,_I Berkeley Stnped Bass Off 3 51 7 07 NO NO NO NO NO NO NO NO NO NO 
5126/00 Berkeley Striped Bass Off 3 67 0 14 NO NO NO NO NO NO NO NO NO NO 

I 
612100 San Pablo Bay Stnped Bass Off 3 51 3 1 3 NO NO NO NO NO NO NO NO NO NO 
612100 San Pablo Bay Stnped Bass Off 3 530 11 NO NO NO NO NO NO NO NO NO NO 
612100 San Pablo Bay Stnped Bass Off 3 52 7 1 5 NO NO NO NO NO NO NO NO NO NO 
612100 San Pablo Bay Stnped Bass Off 3 65 7 11 NO NO NO NO NO NO NO NO NO NO 

5118100 South Bay Bridges Striped Bass Off 3 48 7 1 2 NO NO NO NO NO NO NO NO NO NO 
5116/00 South Bay Bndges Striped Bass Off 3 48 0 1 2 NO NO NO NO NO NO NO NO NO NO 
5116/00 South Ba~ Bndges Stri~Bass Off 3 500 1 0 NO NO NO NO ND NO NO NO NO NO 

I 
515100 Berkeley Shtner Surfperch WB 20 12 2 4 1 NO NO NO NO NO NO 04 NO NO NO 
515100 Berkeley Shmer Surfperch WB 20 125 36 NO NO NO NO NO NO 05 NO NO NO 
515100 Berl<eley Shmer Surfperch WB 20 131 36 NO NO NO NO NO NO 04 NO NO NO 
6/16/00 Oakland Shmer Surfparch WB 20 121 1 3 NO NO NO NO NO NO NO NO NO NO 
6121100 Oakland Shmer Surfpen:h WB 20 11 6 11 NO NO NO NO NO NO NO NO NO NO 
6122100 Oakland Shmer Surtperch WB 19 11 4 06 NO NO NO NO NO NO NO NO NO NO 
513100 SF Waterfront Shmer Surfperch WB 20 11 3 26 NO NO NO NO NO NO 03 NO NO NO 
513100 SF Waterfront Shiner Surtperch WB 20 11 5 36 NO NO NO NO NO NO 05 NO NO NO 

I 513/00 SF Waterfront Shtner Surtperch WB 20 11 4 26 NO NO NO NO NO NO 04 NO NO NO 
11/14/00 San Leandro Bay Shiner Surtperch WB 20 104 25 NO NO NO NO NO NO NO NO 27 NO 
11/14/00 San Leandro Bay Shmer Surfperch WB 20 99 22 NO NO NO NO NO NO NO NO 23 NO 
11/14/00 San Leandro Bay Sh.ner Surfperch WB 20 64 21 NO NO NO NO NO NO NO NO 24 NO 
11129100 San Pablo Bay Shiner Surtperch WB 20 102 30 NO NO NO NO NO NO NO NO NO NO 
11129100 San Pablo Bay Shmer Surfperch WB 20 95 31 NO NO NO NO NO NO NO NO NO NO 
11129100 San Pablo Bay Shtner Surfporch WB 20 101 36 NO NO NO NO NO NO NO NO NO NO 

I 511100 South Bay Bndges Shiner Surfperch WB 20 126 24 NO NO NO NO NO NO NO NO NO NO 
5/1100 South Bay Bndges Shmer Surfperch WB 20 125 26 NO NO NO NO NO NO NO NO NO NO 
511100 South Ba~ Bndges Shiner Sur:!:Qerch WB 20 11 0 20 NO NO NO NO NO NO NO NO NO NO 
3121100 San Pablo Bay White Sturgeon Off 3 1190 06 NO NO NO NO NO NO NO NO NO NO 
3122100 San Pablo Bay White Sturgeon Off 3 1430 1 6 NO NO NO NO NO NO NO NO NO NO 
4/19100 South Bay Bndges White Sturgeon Off 3 124 3 05 NO NO NO NO NO NO NO NO NO NO 
4/19100 South Sa~ Bndges Whtle S!U!JIBOn Off 3 155 3 08 NO NO NO NO NO NO NO NO NO NO 

I 
5124100 Berkeley While Croaker On 5 276 23 NO NO NO NO NO NO NO NO NO NO 
5124100 Berkeley Whtte Croaker On 5 264 27 NO NO NO NO NO NO NO NO NO NO 
5124100 Berkeley Whtte Croaker On 5 27 4 30 NO NO NO NO NO NO NO NO NO NO 
316100 Oakland Whtte Croaker On 5 252 1 9 NO NO NO NO NO NO NO NO 44 NO 
316100 Oakland WhtteCroaker On 5 236 1 0 NO NO NO NO NO NO NO NO NO NO 
316100 Oakland WhtteCroaker On 5 24 8 1 8 NO NO NO NO NO NO NO NO NO NO 
6/16100 Oakland Whtta Croaker On 5 240 46 NO NO NO NO NO NO 03 NO 23 NO 

I 
6120100 Oakland Whtta Croaker On 5 248 63 NO NO NO NO NO NO NO NO 23 NO 
6120100 Oakland White Croaker On 274 57 NO NO NO NO NO NO 03 NO 27 NO 
9126100 Oakland White Croaker On 254 60 NO NO NO NO NO NO 04 NO 37 NO 
9126/00 Oakland Whtte Croaker On 258 73 NO NO NO NO NO NO 03 NO 27 NO 
9126100 Oakland Whtte Croaker On 26 0 55 NO NO NO NO NO NO NO NO 23 NO 
12/18100 Oakland White Croaker On 23 6 63 NO NO NO NO NO NO 04 NO 34 NO 
12116/00 Oakland White Croaker On 4 25 5 4 1 NO NO NO NO NO NO NO NO NO NO 

I 
12116/00 Oakland Whtte Croaker On 5 234 49 NO NO NO NO NO NO NO NO 24 NO 
513/00 SF Waterfront WhtteCroaker On 5 27 8 20 NO NO NO NO NO NO NO NO NO NO 
513100 SF Waterfront White Croaker On 5 26 6 1 8 NO NO NO NO NO NO NO NO NO NO 
513/00 SF Waterfront Whtte Croaker On 5 24 8 22 NO NO NO NO NO NO NO NO NO NO 
6/2100 San Pablo Bay Whtte Croaker On 5 28 0 44 NO NO NO NO NO NO NO NO NO NO 
6/6100 San Pablo Bay Whtte Croaker On 5 260 49 NO NO NO NO NO NO NO NO NO NO 
6/6100 San Pablo Bay Whtte Croaker On 5 26 6 53 NO NO NO NO NO NO NO NO 20 NO 

I 
511100 South Bay Bridges Whtta Croaker On 5 27 6 26 NO NO NO NO NO NO NO NO NO NO 
511100 South Bay Bndgas White Croaker On 5 264 44 NO NO NO NO NO NO NO NO 23 NO 
511/00 South Ba~ Bndges Whtta Croaker On 5 27 8 40 NO NO NO NO NO NO NO NO 23 NO 

9126199 SF Waterfront (Mum Pter} Red Rock Crab M 10 12 3 01 NO NO NO NO NO NO NO NO NO NO 
9126199 SF Waterfront (Munl Pter) Rod Rock Crab M 10 12 2 02 NO NO NO NO NO NO NO NO NO NO 
9126199 SF Waterfront (Mum P1er) Rod Rock Crab H 20 12 3 31 NO NO NO NO NO NO NO NO NO NO 
9129199 Fort Baker Rod Rock Crab M 10 111 02 NO NO NO NO NO NO NO NO NO NO 

I 
9129199 Fort Baker Red Rock Crab M 10 113 02 NO NO NO NO NO NO NO NO NO NO 
9129199 Fort Baker Red Rock Crab H 20 11 2 43 NO NO NO NO NO NO NO NO NO NO 
9130199 SF Waterfront {7th St P1er) Red Rock Crab M 10 121 02 NO NO NO NO NO NO NO NO NO NO 
9130199 SF Waterfront (7th St Pter) Red Rock Crab M 10 112 04 NO NO NO NO NO NO NO NO NO NO 
9130199 SF Waterfront (7th St Pter) Red Rock Crab H 20 117 65 NO NO NO NO NO NO NO NO NO NO 
416198 Burlmgame (South Bay) Tapes Japontca Clam All 25 NA 08 NO NO NO NO NO NO NO NO NO NO 
418198 Fruttvale Bndge (Oakland) Ta!;!!!s JaQQntca Clam All 25 NA 09 NO NO NO NO NO NO NO NO NO NO 

I Untts expressed as wet watght NO = Not detected 
Oft = Sktn-off muscle On = Sktn-on muscle, WB = Whole body, M = Crab muscle H = Crab hapatopancreas All = Clam soft ttsSua 
Sum HCHs (SFEI) =Sum of 4 ltsted HCHs followtng SFEI RMP protocol 
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Appendix Table 2d. Polybrommated d1phenyl ether (PBDE) concentrations 1n f1sh t1ssue 
samples, 1998-2000. All values are sem1-quant1tat1ve estimates (see report text) . 

1 
.. 

) 5 i "' ,; c: <D .. c: .. .. Ill 
9 8. :i .. ..... ..... ~ Q 

f '0 .. .. ... "' m 
~ 9 c: .. .. "' l! ... "' - ... ... 0 Cl) 

" 
E 

"' I!! ... Ill Ill Ill 
i E .s: s i .s: .. 0 c: .. ::; Q Q Q .. .. .. .! .. 2: 

~ ~ m m m ~ Ul il: Q ... j:: .. it ... ... ... 
em em % [!Qlg nglg nglg ng/g 

C003601 134 513/2000 S F Waterfront Callfom1a Hahbut Off 3 55, 64,82 67 0 04 35e 01e ODe 37e 
C003602 135 5/4/2000 S F Waterfront Cahfom1a Hahbut Off 3 64, 92,98 91 3 03 24e 01e ODe 24e 
COO!i§01 167 6@2000 San Pablo Bay Cahfom•a j:ialtbuJ Off 3 55 61 75 sp 04 27e 03e DOe JOe 
C004301 142 5124/2000 Berkeley Jacksmelt WB 5 24-28 26 0 26 16e 09e 02e 26e 
C004302 143 6/14/2000 Berkeley Jacksmelt WB 5 25-28 26 6 25 19e 12e 02e 33e 
C004303 144 611512000 Berkeley Jacksmelt WB 5 26-29 27 4 30 15e 07e OOe 22e 
C002301 121 8/2112000 Oakland Jacksmelt WB 5 25-30 26 8 15 45e 26e OOe 71 e 
C002302 122 6/2112000 Oakland Jacksmelt WB 5 26-29 27 4 23 24e 14e 02e 40e 
C002303 123 6122/2000 Oakland Jacksmelt WB 5 25-29 27 0 2, 19e 1 3 e 02e 33e 
C003301 131 513/2000 S F Waterfront Jacksmelt WB 5 24-27 25 8 10 24e 12e 02e 39e 
C003302 132 5/4/2000 S F Waterfront Jacksmelt WB 5 25-28 26 4 10 27e 15e 03e 45e 
C003303 133 5/4/2000 S F Waterfront Jacksmelt WB 5 25-28 26 6 14 JOe 14 e 03e 47e 
C005301 157 6/2/2000 San Pablo Bay Jacksmelt WB 5 26-28 27 2 08 2 5e. 14e 04e 43e 
C005302 158 612/2000 San Pablo Bay Jacksmelt WB 5 27-28 27 6 06 22e 12 e 03e 36e 
C005303 159 612/2000 San Pablo Bay Jacksmelt WB 5 25-29 27 0 07 31e 16e 04e 50e 
C001301 94 511/2000 South Bay Bndges Jacksmelt WB 5 27-29 284 12 31e 20e 03e 53e 
C001302 95 51112000 South Bay Bndges Jacksmelt WB 5 27-28 27 8 12 53e 28e 06e 87e 
C001303 96 511/2000 South Bay Bndges Jacksmelt WB 5 26-29 274 14 38e 23e 04e 65e 
C004402 146 5/24/2000 Berkeley Leopard Shark Off 3 92, 92,93 92 3 04 07e OOe OOe 07e 
C004403 147 5/2512000 Berkeley Leopard Shark Off 3 99, 110, 113 107 3 04 27e DOe OOe 27e 
C005403 162 61612000 San Pablo Bay Leopard Shark Off 3 98,107, 107 1040 04 08e 01e OOe 08e 
C005402 161 Gn/2000 San Pablo Bay Leopard Shark Off 3 90, 91,93 91 3 07 12e 01e OOe 13 e 
C001404 100 5116/2000 South Bay Bndges Leopard Shark Off 3 120, 125, 134 126 3 04 69e 02e 01e 72e 
C001401 97 5116/2000 South Bay Bndges LBO[!Brd Shark Off 3 92 98 100 967 04 20e OOe OOe 20e 
C004501 148 5/24/2000 Berkeley Stnped Bass Off 3 48, 51,54 510 08 156 e 02e 02e 16 0 e 
C004502 149 5/25/2000 Berkeley Stnped Bass Off 3 51, 51,53 51 7 07 76e 03e 01e 81e 
C004503 150 5/26/2000 Berkeley Stnped Bass Off 3 61, 62,78 67 0 , 4 11 5 e 04e 03e 12 2 e 
C005501 163 612/2000 San Pablo Bay Stnped Bass Off 3 45,51,58 51 3 1 3 82e 04e 03e 88e 
C005502 164 6/2/2000 San Pablo Bay Stnped Bass Off 3 50, 54,55 53 0 11 49e 01e OOe 50e 
C005503 165 6/2/2000 San Pablo Bay Stnped Bass Off 3 50, 51,57 52 7 15 60e 03e OOe 64e 
C005504 166 6/2/2000 San Pablo Bey Stnped Bass Off 3 60. 62,75 65 7 11 51e 02e OOe 53e 
C001501 101 511812000 South Bey Bndges Stnped Bess Off 3 47, 49,50 487 , 2 64e 02e OOe 66e 
C001502 102 511812000 South Bay Bndges Stnped Bass Off 3 45, 47,52 48 0 12 60e 03e OOe 63e 
C001503 103 5/]8/2000 South Bay Bndges Sttme~ Bass Off 3 46 47 57 500 10 48e 03e OOe 51e 
C004201 139 515/2000 Berkeley Shmer Surfperch WB 20 11 -13 12 2 41 122 e 07e ODe 129e 
C004202 140 51512000 Berkeley Shmer Surlperch WB 20 11- 14 12 5 36 160 e 05e OOe 16 Se 
C004203 141 5/512000 Berkeley Shmer Surfperch WB 20 11- 15 131 36 159 e 07e OOe 16 6 e 
C002202 119 611612000 Oakland Sh1ner Surfperch WB 20 11- 15 121 13 197 e OSe OOe 20 2e 
C002201 118 6/2112000 Oakland Shmer Surfperch WB 20 10-13 116 ,, 153e 04e OOe 15 7e 
C002203 120 6/22/2000 Oakland Sh1ner Surfperch WB 19 10-14 114 08 12, e 03e ODe 124 e 
C003201 128 5/3/2000 S F Waterfront Shmer Surfperch WB 20 10-14 113 26 12 0 e 03e OOe 12 Je 
C003202 129 5/312000 S F Waterfront Shmer Surfperch WB 20 10-13 115 38 205 e 06e OOe 211 e 
C003203 130 51312000 S F Waterfront Shmer Surfperch WB 20 10-13 114 28 18 0 e OSe ODe 18 Se 
C008201 170 11114/2000 San Leandro Bay Shmer Surfperch WB 20 9-12 10 4 25 14 3 e 06e OOe 14 9e 
C008202 171 11114/2000 San Leandro Bay Sh1ner Surlperch WB 20 9-11 99 22 11 8 e OSe OOe 123e 
C008203 172 11114/2000 San Leandro Bay Shmer Surfperch WB 20 8-10 84 21 11 7 e OSe ODe 122 e 
C005203 156 11129/00 San Pablo Bay Sh1ner Surfperch WB 20 9-12 101 36 63e OJe ODe 66e 
C005201 154 11/29/00 San Pablo Bay Sh1ner Surfperch WB 20 9-12 10 2 30 54e 03e OOe 57e 
C005202 155 11129/00 San Pablo Bey Sh1ner Surfperch WB 20 9-11 95 31 51e 03e OOe 54e 
C001201 91 511/2000 South Bay Bndges Shmer Surfperch WB 20 11- 15 12 6 24 24 5 e 12e 02e 25 Be 
C001202 92 511/2000 South Bay Bndges Shmer Surfperch WB 20 11- 14 12 5 26 210 e 12e 02e 22 4 e 
C001203 93 511/2000 South Ba~ Bndges Sh1ner Surf~erch WB 20 10-14 110 20 18 3 e 10 e 02e 194 e 
C005701 168 3/2112000 San Pablo Bay Wh1te Sturgeon Off 3 115, 117, 125 119 0 06 24e 03e OOe 27e 
C005702 169 312212000 San Pablo Bey White Sturgeon Off 3 133, 147 149 1430 18 65e 07e 02e 74e 
C001701 104 4/19/2000 South Bay Bnd9es White Sturgeon Off 3 121, 122, 123 124 3 05 23e 02e OOe 25e 
C001702 105 4119/2000 South Ball Bndges Wh1te Stu!:Qeon Off 3 135 149 182 155 3 08 36e 01e ODe 37e 
C004101 136 5124/2000 Berkeley Wh•te Croaker On 5 24-29 27 6 23 219 e 03e 02e 224 e 
C004102 137 5124/2000 Berkeley Whale Croaker On 5 24-28 264 27 14 6 e 04e 04e 154 e 
C004103 138 5/24/2000 Berkeley While Croaker On 5 25-29 27 4 30 182 e 04e 04e 190e 
C002110 115 1211812000 Oakland Wh1te Croaker On 5 21-30 23 8 63 283 e 14 e 08e JOSe 
C002111 116 12/1812000 Oakland White Croaker On 5 22-29 25 5 4, 27 5 e 09e OSe 289e 
C002112 117 12/1812000 Oakland White Croaker On 5 21 -27 234 49 254 e 14e 07e 27 Se 
C002104 109 3/8/2000 Oakland While Croaker On 5 23-27 25 2 19 181 e 09e 07e 19 7e 
C002105 110 3/8/2000 Oakland White Croaker On 5 22-25 23 6 10 13 7 e 14e 09e 159e 
C002106 111 3/812000 Oakland White Croaker On 5 21 -28 24 8 , 8 231 e 18 e 13e 262e 
C002101 106 6/16/2000 Oakland White Croaker On 5 21 -28 24 0 48 271 e 07e 06e 284 e 
C002102 107 6/20/2000 Oakland White Croaker On 5 22-28 24 8 63 36 9e 19 e , 0 e 39 8e 
C002103 108 6/20/2000 Oakland White Croaker On 5 24-29 27 4 57 40 8 e 15 e 1 De 43 3e 
C002107 112 9/2612000 Oakland White Croaker On 5 22-29 254 60 31 9e 07e 07e 333e 
C002108 113 9/26/2000 Oakland White Croaker On 4 22-30 25 6 73 56 Se , 5 e 1 1 e 591 e 
C002109 114 9/2612000 Oakland Wh•te Croaker On 5 21-30 26 0 55 47 6e 14e 10e 50 Oe 
C003101 125 5/312000 S F Waterfront White Croaker On 5 25-30 27 6 20 25 9e 06e 08e 271 e 
C003102 126 5/3/2000 S F Waterfront Wh1te Croaker On 5 25-28 26 6 , 8 26 6e 04e 03e 27 2 e 
C003103 127 5/312000 S F Waterfront Wh•te Croaker On 5 22-27 24 8 22 17 3e 04e 03e 180 e 
C005103 153 6/2/2000 San Pablo Bay Wh•te Croaker On 5 25-30 280 44 2s'se 10 e OSe 27 Oe 
C005101 151 6/8/2000 San Pablo Bay Wh1te Croaker On 5 23-30 28 0 49 28 Oe 08e 04e 29 2 e 
C005102 152 6/812000 San Pablo Bay Wh•te Croaker On 5 27-30 286 53 360 e 09e OSe 37 4 e 
C001101 88 511/2000 South Bay Bndges Wh1te Croaker On 5 26-30 27 8 28 25 Je 09e 04e 266 e 
C001102 89 511/2000 South Bay Bndges Wh•te Croaker On 5 24-30 264 44 231 e , 6 e 07e 254 e 
C001103 90 511/2000 South Ba~ Bndges Wh1te Croaker On 5 26-30 27 8 40 27 2 e , 3 e 08e 29 3 e 

Un1ts exPressed as wet we1aht NO = not detected Off= Skin-off muscle. On = Skm-on musde. WB = Whole body 
a = esbmated value (seme-quanlltabve only} because standards were analysed on separate day from samples and because there 
weren't any QC results to venfy sample results 
Sample 10 and F1sh 10 are umque Identifiers for each IndiVIdual or composite fish sample 
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Appendix Table 2e. Dibenzodiox1n, dibenzofuran, and coplanar PCB concentrations (pg/g) m fish and crab t1ssue samples, 1999 - 2000. 

~ 0 Q 1.1. u.. 

f s s " s ~ ·i ... ~ e ~ ~ :r ~ i 
:0 ~ ~ I I ~ ~ ~· ~ ~ !· ! ~ ~ ~ ~ 

g. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~. ~ ~ 3' ~ ; ~ ~ 
palo pqlg pglg eglg eglg pqfq pgl9 pglg pglg pglg pglp pgla pqlq pglg pqlg pglg 

C0023Q4 8112100 Qaklard Jm;bmol! W9 15 NO NO NO NO ND 0308e NO NO NQ NO NQ NO NO 9 15 NO 
C001201 511/00SouthBayEiriclge:s ShlnerSullparch WB 20 11-15 238 158 159 161 138 448 655 815 020o 042 NO 019e NO 021o 048Bo 478 046 087 NO NO NO NO NO NO NO 239 44 
C001202 511100 SouthBayBridges ShJnerSUifperch WB 20 11-14 282 139 141 UJ 126 340 508 647 0201!1 030e NO 022e NO 023e 0408& 481 02Se 078 NO NO NO NO NO NO NO 192 34 
0002201 6121100 Oakland ShlnerSulfperch WB 20 10-13 107 252 252 253 208 761 II 12 1365 040 094 016e 064 017e 088e 127 448 047 112 014e 012o NO 017e 022e NO NO 388 75 
C002202 6/IBIOOOatland ShlnerSurlperch WB 20 11-15 131 256 258 251 215 983 1398 1652 037 083e 014e 065e 017e 085 110 SS9 034 127 0140 012o NO 017o 019e NO NO 608 97 4e 
C003201 513100 SanFrandscoWatertront ShlnerSurfparch WB 20 10-14 263 105 IDS 108 095 268 402 508 OISo 022e NO NO NO 016e 053Be 398 025e OSJ NO NO NO NO NO NO NO 120 27 2 
COOJ202 SlliDOSanFRII1CiscaWa!Drfmnt Sh!ncrSurlperd'l WB 20 10-13 378 121 122 123 115 354 517 639 012e 013e NO OISe NO 026o 183 546 045 072 009o NO NO NO NO NO NO 146 35 2 
0Xl4202 515100 Ber1m1ey ShlnorSUrfperctl WB 20 II 14 361 1-47 1-48 148 130 320 454 601 013e 035o 005Bo 011o NO 0138o 0808 532 029o 082 007Bo NO NO NO NO NO NO 132 32 2 
CQG!203 SIS.W Bortel!rt ShlnprSur!pcrd! WB 20 1J 15 358 087 094 101 Q92 32'9 464 558 010p NO NO NO NO NO 0-48Be 118 021e Q68 NO NQ NO NO NO NO NO 218 33 NO 
COOI501 5/IBIOOSoulhBayBrklges Str1podBass on 3 -47-4850 119 000 005 011 005 001 070 076 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
C001502 51'18100 SouthBayBrttges SlrtpodBass Oft 3 45-4752 123 016 022 029 021 087 110 132 NO NO NO NO NO NO 034Be 053e 005e 020e NO NO NO NO NO NO NO 23 7o le 
C001503 5/IBIOOSouthBayBridges StrfpodBass on 3 -48-47'57 104 003 01-4 028 013 054 092 106 NO NO NO NO NO NO 134o 030e NO NO NO NO NO NO NO NO NO 21 5 NO 
0004501 5124100 Ba!Uiey StrfpedBass on J -18 51 54 0757 011 011 012 011 045 099 110 0028e NO NA NA. NA NO 0138e 077 NO 012e NA NA NA NA NA NA OOBBe 13 -4 De 
C004502 5125JODBeB:cley StrtpodBass on J 515153 071 026 028 026 022 083 150 176 0038e DOSe NA NA NA NO 0278e 037 NO 022e NA NA NA NA NA NA 011Be 19 8 1e 
C00450J !i128JOOBcrbley StripedBa:ss on 3 616278 135 027 028 029 023 138 215 243 NO 010e NO NO NO 0118e 0248 080 OOJ8e 021 NO NO 0058e NO OOBBo 0058o 012Be 42 14 1 
COOSSOI 612100 SonPabiDBay StripadBass OH 3 45 5158 127 022 022 023 018 064 108 130 NO 0068o 0078e 007Bo 0088o 0098o 0258 036 0038e 016 NA 004Bo 007Bo 0048e 0138e 006Be 0158 17 8 I 
C005502 812100 SanPabloBay StrlpociB.ass OH 3 SO 54,55 107 024 024 025 021 064 098 123 NO 007e OOBo 005Bo 007o 0128o 0308 034 002eo 018 0038e 0048o 006Be 007o 022o 0088o 0188o 18 Bo 0 
C005503 612ro0 SanPabloBay StripeciBass Oft 3 50 51 '57 148 011 012 014 012 063 109 121 NO NO NO NO NO 0078e 0198 029 0018e 015o NO NO NO NO NO NO 0068e 18 Be Oo 
COQS504 M{QQ SanPab!oBav StrlpndBan on J BQ 82 75 109 NA NA NA NA 084 099 NA NA NA NA NAt NA NA NA NA NA NA NA NA NA NA NA NA NA 18 8o NA 
COOIIOI 5/1100 SouthBayBrlclges WhltoCroalcr On 5 26-30 284 185 188 168 133 425 646 611 NO 065o NA NA NA 018o 0098 213 NO 157 NA NA NA NA NO NO NO 63 42o 3 
C001102 SllfOO Souii'IBayBridges WhftliCroa:k'er On 5 24-30 438 186 168 167 136 304 487 853 0038e O&Oe 0068o 028o 004Be 0118o 0218o 281e 039o 142e NO NO NO NO NO NO NO 19 30e 2 
C001103 511/00 SouthBayBrtlges WhltuCroaker On 5 26·30 396 155 155 158 134 314 513 869 015e 043o 0078e 035o NO 018o 027Bo 282 033e 124 NO NO NO NO 045e NO 0058o 74 31 3 
C002101 611MKl 03kland WIWtCroaker On 5 21-28 484 187 197 198 168 848 871 1169 035 • 057e NO 028e 004Bo 0108o 0288e 236 027e 153 NO NO NO NO NO NO NO 119 64e 3 
C002102 6120100 Ouldand Whlt&Croakcr On 5 22-28 62fl 196 198 199 168 461 863 861 0140 081e OOBBe 036o NO 013Be 0218o 399e 028o ISle NO NO NO NO 049o NO NO 132 46o 3 
C002103 6/20100 Qaldancl 'NhftDCmalr.m On 5 2-4-28 569 238 238 238 205 816 1006 1244 039 065e 004Be 039o 007e 018 0258 355 NO 1.84 NO NO NO NO 108 NO NO 154 61 
C003101 SIJ/00 SanFrandsclcW~! WhiWCmaker On 5 25 30 203 075 078 OBO 067 2-47 415 493 OIOe 021o NO NO NO NO 02t'l8o 083 024o 069 NO NO NO NO NO NO NO 2'9 24 
C003102 5/J/00 SanFI'III'IdsalWiU!front VVhi~Cmaker On 5 25·28 179 106 109 112 098 318 510 819 013e 02Je NO NO NO 020e 0438o 111e 0.33o 102e NO NO NO NO NO NO NO 38 32 
C0031QJ SIJ/00 SanFrnodsalWatorfron1 Whlt80oaker On 5 22-27 218 208 208 208 191 287 428 834 014 035o 0188 024e 018o 038 101 982 04-i 094 021 018 015o 017 030 022o 0'57o 55 28 
C004101 51'24100 BcrkD1ey WhllaCmaker On 5 24·29 233 132 132 133 113 378 556 888 019e 040 NO 021 NO 0128e 0348o 121 031e 113 NO 0038e NO OOJBe 0058e NO NO 53 37 
C004102 5124/00 Bor1loloy VVhlloCmalmr On 5 24 28 2n 108 109 109 093 242 349 457 014 032 NO 015 NO 0088o 0188o 174 032 082 002Bo 0038o NO 0038o NO NO NO 81 24 
C004103 5124100 Bmm1ey VVhlteCmakcr On 5 25·29 295 095 095 095 081 237 380 455 013 028 0028e 015 NO 0088e 022Bo 138 028 070 OOJBe 003Bo NO 0038e NO NO NO 54 23 
C005101 B18100 SanPabloBay Whi!BC!tlaker On 5 23·30 -493 148 1-48 148 125 -404 635 781 028 043 0038o 021 0028o 0118e, 0228 191 028 106 002Ba 0038a NO 0038o OOJBo NO NO B8 40 
C005102 818100 San Pablo Bay VVhlto Croaker On 5 27· 30 5 28 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
C005!03 612.00SanPab!oBav WhltgCI'Oflker On 5 25-3Q 439 217 217 218 1&4 284 4-46 663 021p 047o 005Be 025p NO 0098o 021Bo 810 039 118 OOJBg OQ3Be ND NO NO NO NQ 5fl 28 2 
C993A03 912M19 SF Wa!eltront(MuniPier) ReciRodtCrab M 20 1Q-15 NA 001 005 008 004 008 027e 032o NO NO NO NO NO NO 012Be 012Be NO NO NO NO NO NO NO NO NO 4 1Bo NO 
COOJBOJ 9129199 Foi'IBaker ReciRcc:kCrab M 20 ID-13 NA 001 005 009 004 004 024o 029e NO NO NO ND NO NO 015Bo 0118e NO NO NO NO NO NO NO NO NO 3 OBo NO 
C993C03 9130199 SF Wa!eftron1{Pier1) RociRodtCrab M 20 1G-13 NA 001 005 009 004 004 025e OJOe NO NO NO NO NO NO 016Be 0078o NO NO NO NO NO NO NO NO NO 2o OBa NO 
gKlJOOI 11QQJ9ft Cqrnco:!!te B!X!Rpckcmb H 8Q 10-15 NA 1075 1Q93 1111 1079 255 40Be 1501g BBSg 029 NQ 1230e NO NA 461o 36Q NA NA 018e NQ NQ NQ NA NA NA 75 25 NQ 
0000021 511100 Oupllca1eoiC001103 WhltoCroaker On 5 28·30 362 180 182 164 137 378 NR NA 011e OSlo ND 032o NO NO 069Be 229 037e 141 NO NO NO NO NO NO NO 19 37 3 
0000022 8112100 Dupllca!eo1C002304 Jad(smelt WB 15 25-30 203 007 017 027 0 IS 170 NR NA NO NO NO NO NO NO 1 02o 010 NO NO NO ND ND NO NO NO NO 13 11 Oo 
QQQ0023 61?!00 Dup!lcamo!COOSSQ2 StrtpsrdBfm. Off 3 sp S4 55 0 59 NA NA NA NA NA NR NA QOJB NA NA NA NA NA 0198 021 QOSB 011 NA NA NA NA NA NA NA NA NA NA 

All units expressed as wo1 weight 
WB " whole body on " ~In on rnusde On = 6ldn on muscle M " CJBb musda H "' cmb hap.lltopanCrnaS 
NA.=Notavallablo 
ND = Notde!oc!od 
B ==Blank CIOI'IlllmMtlon :>30% ol measured oonoe:ntralkn 
NR = Notrnea:surod 
o::: E51lmll!od valuo Blher below quanufk:alion UmU or manu: lntetferonce was present 
Sample to 1:5 a unlqutllcian!lller lor eacto fish DBmplo 

TEQ.WHO (0) = TEO (wot wmght) of dibenzodloJrJrul and dlbonzolunlns calwla!ed With NO values equal tD zero Uses TEF values osiD!IIIshad by Work! Health Organaallon (Van den Berget al 1998) 
TEO ..WHO (0 5) = TEQ.WHO ot dibenmdioxlnl and d!banzofl.lrans calculated With NO vaiU05 oquaiiD 112 altho detecuon llmt! 
TEO-WHO (1) " TEQ.WHO of dibonzodloxlns and dlbenzofurans calcula!Dd with ND valuo3 equal Ill tho do \odD\ limit 
ITEQ (0 5) = TEQofdlbonZodlodnaand dibenZofurans using TEF value& !Tom ln!ema\IONII Dloxln Toxic Equivalents Mothocl (Ahlborg et Q.l 1994) NO values are 1!1BIB11f21he detoctlon Umlt 

PCSTEQ (3PCBs) (05)= TEQofPC6s 17 128 and 189calculatoclwtthNDvalwsequal !0 lflolthede!edlontlmil 
PCB TEQ (0 5) = TEQ of aD dlcldn--llko PCBs caJculatod with NO values equal !0 112 of tho dotaetJon limit 
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Appendix Table 2f. Selemum concentrations in fish, crab, and clam t1ssue samples, 1998- 2000. 

"0 "0 Ql. 

~ Cll 
Ill .!:! 
Cll' iii c 

Q ·c:;. c Cll - Cll <C C) 
Cll r::L o; g c Cll "ii 0 1/); E :I 
E .c s += .c . Ill 0 
ca Ill ca ca. II). Ill l: 

u:: - u::· j:: 1/) Q 1/) :a: 

1005701 82 3/21/00 San Pablo Bay Wh1te Sturgeon Off 1 
1005702 83 3122100 San Pablo Bay Wh1te Sturgeon Off 1 
1005703 84 3122100 San Pablo Bay Wh1te Sturgeon Off 1 
1005704 85 3122100 San Pablo Bay Wh1te Sturgeon Off 1 
1005705 86 3/23/00 San Pablo Bay Wh1te Sturgeon Off 1 

. 1005706 87 3124100 San Pablo Ba:t Wh1te Sturgeon Off 1 
1001701 22 4/19/00 South Bay Bridges Wh1te Sturgeon Off 1 
1001702 23 4/19/00 South Bay Bndges Wh1te Sturgeon Off 1 
1001703 24 4/19/00 South Bay Bndges White Sturgeon Off 1 
1001704 25 4120100 South Bay Bridges White Sturgeon Off 1 
1001705 26 5/18/00 South Bay Bndges White Sturgeon Off 1 
1001706 27 5/19/00 South Ba:t Bridges Wh1te Sturgeon Off 1 
C993A01 9/28/99 Mun1c1pal P1er (SF Waterfront) Red Rock Crab M 10 
C993A02 9/28/99 Mun1c1pal P1er (SF Waterfront) Red Rock Crab M 10 
C993A03 9/28/99 Municipal P1er (SF Waterfront) Red Rock Crab H 20 
C993B01 9/29/99 Fort Baker Red Rock Crab M 10 
C993B02 9/29/99 Fort Baker Red Rock Crab M 10 
C993B03 9/29/99 Fort Baker Red Rock Crab H 20 
C993C01 9/30/99 P1er 7 (SF Waterfront) Red Rock Crab M 10 
C993C02 9/30/99 P1er 7 (SF Waterfront) Red Rock Crab M 10 
C993C03 9/30/99 .Pier 7 {SF Waterfront) Red Rock Crab H 20 
C981A01 4/8/98 Burlingame (South Bay) Tapes Japon1ca Clam All 25 
C982A01 4/8/98 Fruitvale Bndge {Oakland) Tapes Japon1ca Clam All 25 

Un1ts expressed as wet weight. 
Off = Skin-off muscle, M = muscle, H = hepatopancreas, All = all soft tissue 
Sample ID and F1sh ID are un~que identifiers for each md1v1dual or composite fish sample 
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Ill' .c .... 
C) 
c 
Cll Cll ...J ... ... :I• 
0 ... 

Ill Cll ·o C) 
c :!: ca Q), 

';I. « 1/) 

em % !,!gig 
115 78.5 1.06 
125 79.5 2.07 
117 80.8 1 33 
149 81.2 1.41 
133 80.7 1.17 
147 77.4 3.22 
182 76.3 1.32 
130 79 9 1.68 
121 78.4 1.16 
149 776 1 72 
122 79 3 1 24 
135 78.5 142 
12.3 82 0 0 75 
12.2 80 0 0 89 
12.3 83.8 0.99 
11.1 78 3 1 01 
11.3 81 0 049 
11.2 79.5 1 23 
12.1 781 0.84 
11.2 76.8 0.78 
11.7 724 1 45 

3.7-4.5 87.5 1 27 
3.3-4.5 88.0 0 59 
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Appendix Table 2g. Concentrations of 11 metals m crab and clam t1ssue samples, 1998-1999. 

e· 
Gl c 'ii. 0: 

fi· Gl• ;:; ... s, 1'0, 
tn 0~ tn 

C993A01 9/28/99 Mumc1pal P1er (SF Waterfront) 
C993A02 9/28/99 Mumc1pal P1er (SF Waterfront) 
C993A03 9/28/99 Mumc1pal P1er (SF Waterfront) 
C993B01 9/29/99 Fort Baker 
C993B02 9/29/99 Fort Baker 
C993B03 9/29/99 Fort Baker 
C993C01 9/30/99 Poer 7 (SF Waterfront) 
C993C02 9/30/99 Poer 7 (SF Waterfront) 
C993C03 9/30/99 P1er 7 (SF Waterfront) 
C981A01 4/8/98 Burlingame (South Bay) 
C982A01 4/8/98 Fruotvale Bndge (Oakland) 

MDL 

All umts expressed as wet we1ght MDL = Method detectoon hm1t 
M = crab muscle, H = crab hepatopancreas, All =clam soft t1ssue 

NA = Not available (not measured) 
NO = Analy1e below detection hm1t 
Sample ID IS a umque Identifier for each sample 
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Gl ·u 
!, 
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Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 
Red Rock Crab 

Tapes Japomca Clam 
Ta12es Ja12omca Clam 

MDL 

"0 .C· Gl "0 Ci ~ .~ c 
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~; E· E 5l 
·- :::~ :::1 a>, E c c· ·- cl .. , :s _ & ~ E· l!l "ii , !. t ·e "0 

s ~( s. ~ lii ti g.· ~ ~ -g :g! c 
~ .5 < o ::E· z o. iiJ u; o' ...1: _gl 

u 
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~ 

~~ % 
M 10 12 3 82u 
M 10 12 2 800 
H 20 12 3 838 
M 10 11 1 78 3 
M 10 11 3 810 
H 20 11 2 79 5 
M 10 12 1 781 
M 10 11 2 768 
H 20 11 7 72 4 
All 25 NA 87 5 
All 25 NA 880 
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I c: QrQ) Di'Ei ro 
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Ill 
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zz «;1-N!!phthalenes ~~ Tissue Analyz~ 3 00 '0 
zz C2-Naphthalenes "'"' # !'lomogenlzecl en 

I 00 "'"' ,Ill 

"'"' .... 
~ ~ lcl-Naphthalenes I i't ~ Range of Lengths 10 

10 

"'"' CD 

zz C4-Naphthalenes 00 %Lipids I 00 <00> 

zz 2-M ethyl naphthalene "'Z 
00 1fio Total PAHa 

zz 1-1\:'iethylnaphthalene zz Naphthalene 00 00 

zz ,6-DimeQiylnaphthalene zz Biphenyl I I 00 00 

zz 2,3,5-TrimetJ!ylnaphthalene zz A,cenaphthylene 00 00 

zz C1-F!uoren~ zz Ac;enapl:l_thene 

I I 00 00 

zz ~-F!uorenes zz Fluorene 00 00 

zz C3oFiuorenes "'z Phena_nthrene 

I 00 -.JO 

zz C1-Dibenzothiopi:Jenes zz nthmcene 00 00. 

zz C2.DibenzotNoPh!lnes o:>Z Fluomnthene 00 wo 

zz C3-Dibenzothiop~enes ..... z Pyrene I 00 oo 

~z C1-Ph~nanthrenes/Anthracenes 
~z Benz[ a) anthracene ~o wo 

~z 
<;2-Phenanthrenes/Anthra~nes 

~z Chrysene 

I I "'O wo 

~z C}-Phenanthrenes}Anthracenes zz Benzo[b]fluoranthene "'0 00 

zz ~henanthrenes/Anthm~nes zz !'lenzo[k)fluoranthene 

I 
00 00 

I zz 1-Methylphenanthrene zz !'len_zo[eJpyrene 00 00 

"'z C1~Fiuoranth~nes1Pyrenes zz 
Ele.~o[a)pyrene <DO 00 

zz C1-Chrysenes zz 
Pery!~ne I I 00 00 

zz C2-Chrysenes zz ~~~enoJ1.~.~cd]pyrene 00 00 

zz C3.<;hrysenes zz 
~!benz[a,~]!!nlhracene I 00 00 

zz C4-C_hrysenes ~ ~ Ber:tZ9[ghi]perylene 00 " 

I 
I 


